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ORDERING SPARE PARTS 


Parts are ordered directly from Terminal Spare Parts order entry 
at our coporate head quarters in Sunnyvale, California. Call 
(408) 745-7760 or (800) 538-8725 (outside California). For 
international customers Telex 910-399-9621 , attention Terminal 
Spares Order Entry . Contract customers and institutions can order 
parts on a Purchase Order and be invoiced; please have Purchase 
Order number and TeleVideo part number ready at time of call. 
All other customers must order parts on a C.O.D. or cash-in- 
advance basis . There is a $50.00 minimum on all orders (except 
manuals) . 

For orders placed in California, add 6 . 5% sales tax . There is a 
shipping and handling charge of $10.00 per order . There will be 
no drop shipments , so please include the shipping and billing 
addresses with your order . Shipments are made Best Way, which is 
UPS or U.S. Mail. Any special shipping requests will be 
accommodated, but any extra costs incurred will be added to the 
invoice. 


NORTHWEST REGION 



SOUTHERN REGION 


c 


REGIONAL SALES OPPICE 


WESTERN REGION 

505 N. TUSTIN AVE. 
SUITE 253 

SANTA ANA, CA. 92705 
(714) 557-6095 


SOUTHERN REGION 

4560 BELTLINE RD . 
SUITE 424 
DALLAS, TX 75293 
(214) 980-9978 


EASTERN REGION 


SOUTHEAST REGION 


202 JOHNSON RD. 

SUITE A-107 
ATRUIM 1 

MORRIS PLAINS, NJ 07950 
(201) 267-8805 


5901-C P EAC HTREE-D UNWOOD Y RD 
SUITE 260 

ATLANTA, GA. 30328 
(404) 399-6464 


NORTHWEST REGION 

1170 MORSE AVE 
SUNNYVALE, CA. 94086 
(408) 745-7760 


MIDWEST REGION 

125 E. LAKE ST. 

SUITE 203 

BLOOMINGDALE, ILL. 60108 
(312) 351-9350 



October 29, 1982 

TERMINAL SPARE PART PRICE LIST WITH REFERENCE TO NEW PART 
NUMBERS 


UNIT 

PRICE 

******** 


DESCRIPTION OLD P/N NEW P/N 

********************************************************* 

MANUALS 

&***&**&&&****&★***&*********************&********&*****&****&£** 

INSTAL & USER GUIDE 910 B300005-001 2004800 

INSTAL & USER GUIDE 910PLUS B300021-001 2004600 

INSTAL & USER GUIDE 912/920 B300001-001 2001800 

INSTAL & USER GUIDE 925 B300013-001 2003500 

INSTAL & USER GUIDE 950 B300002-002 2002000 

MAINTENANCE MANUAL 910/910PLUS B300005-002 2002600 

MAINTENANCE MANUAL 912/920 B300001-002 2001900 

MAINTENANCE MANUAL 925 B300013-002 2003600 

MAINTENANCE MANUAL 950 B300002-002 2002100 


B300005-001 

2004800 

5.00 

B300021-001 

2004600 

5.00 

B300001-001 

2001800 

5.00 

B300013-001 

2003500 

5.00 

B300002-002 

2002000 

5.00 

B300005-002 

2002600 

50.00 

B300001-002 

2001900 

50.00 

B300013-002 

2003600 

50.00 

B300002-002 

2002100 

50.00 


***************************************************************** 

MODULES 

***************************************************************** 


;****************** 


POWER 

SUPPLY 

MODULE 

BC-01642 

2195700 

91.00 

VIDEO 

MODULE 

BC-01643 

2195800 

93.00 

LOGIC 

BOARD 

910 

B900011-001 

2014000 

395.00 

LOGIC 

BOARD 

910 G/A 

B900011-001 

2014001 

395.00 

LOGIC 

BOARD 

910PLUS 

B900011-003 

2014002 

395.00 

LOGIC 

BOARD 

910PLUS G/A 

B900011-003 

2014500 

395.00 

LOGIC 

BOARD 

912/920B 

B900001-001 

2009000 

458.00 

LOGIC 

BOARD 

912/920C 

B900001-001 

2009002 

458.00 

LOGIC 

BOARD 

925 

B900014-001 

2015500 

514.00 

LOGIC 

BOARD 

925 G/A 

B900014-001 

2015501 

514.00 

LOGIC 

BOARD 

950 

B900002-001 

2009500 

539.00 

LOGIC 

BOARD 

950 G/A 

B900002-001 

2009501 

539.00 

KEYBOARD ASSEMBLY 910/910PLUS 

K030330-003 

2090001 

105.00 

KEYBOARD ASSEMBLY 912B 

K030330-001 

2206500 

105.00 

KEYBOARD ASSEMBLY 912C 

K030330-003 

2090000 

105.00 

KEYBOARD ASSEMBLY 920B 

K030330-002 

2089900 

126.00 

KEYBOARD ASSEMBLY 920C 

K030330-004 

2090100 

126.00 

KYBD ASSEMBLY W/HOUSING 925/950 

K030331-001 

2090200 

175.00 

TUBE, 

B/W P4 

12" 

T300002-001 

2049100 

179.00 

TUBE, 

GREEN 

P31 12" 

T300002-002 

2049300 

179.00 


***************************************************************** 


***************************** 

TOP CASE 910/912 

TOP CASE 920 

TOP CASE 925/950 

TOP CASE KEYBOARD 925/950 

BOTTOM CASE 910/912/920 

BOTTOM CASE 925/950 

BOTTOM CASE KEYBOARD 925/950 

BEZEL TOP CASE 925/950 

BEZEL KEYBOARD 925/950 


CASES 

**************** 


*****************5 


CRT-010267 

2151600 

97.801 

CRT-010334 

2153800 

97.801 

CRT-05001 

2141800 

97.801 

CRT-04001 

2204200 

25.00 1 

CRT-010268 

2151700 

70.20 1 

CRT-05002 

2141700 

70.201 

CRT-04002 

2199100 

35.00 1 

CRT-05003 

2141900 

20.00 1 

CRT-04003 

2198000 

10.00 1 
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*************************************************** * * *********** 


KITS/OPTIONS 

**************************************************************** 

PATTERN GENERATOR (912/950 INSTALLED) 2122300 200.00 

DEMO PROGRAM EPROM 910 8000094 16.00 


DEMO PROGRAM EPROM 910PLUS 
DEMO PROGRAM EPROM 925 
DEMO PROGRAM EPROM 950 
CONVERSION KIT 910 
CONVERSION KIT 910PLUS 
CONVERSION KIT CP/M WORDSTAR 950 
CURRENT LOOP KIT 910/910PLUS 
CURRENT LOOP KIT 925 


MEMORY 

KIT 2ND PAGE 

912/920 

MEMORY 

KIT 2ND PAGE 

925/950 

MEMORY 

KIT 3RD , 4TH 

PAGE 950 

MEMORY 

KIT 2ND , 3RD , 

4TH PAGE 950 

SP 

PTS 

LOGIC 

BOARD 

910 

SP 

PTS 

LOGIC 

BOARD 

910 G/A 

SP 

PTS 

LOGIC 

BOARD 

910PLUS 

SP 

PTS 

LOGIC 

BOARD 

910PLUS G/A 

SP 

PTS 

LOGIC 

BOARD 

912/920 

SP 

PTS 

LOGIC 

BOARD 

925 

SP 

PTS 

LOGIC 

BOARD 

925 G/A 

SP 

PTS 

LOGIC 

BOARD 

950 

SP 

PTS 

LOGIC 

BOARD 

950 G/A 

O 

PTS 

MECH 

910/ 910PLUS 

SP 

PTS 

MECH 

912/920 


SP 

PTS 

MECH 

925/950 


SP 

PTS 

POWER 

SUPPLY/VIDEO MOD 

SP 

PTS 

ADDITIONAL PARTS 



8000073 

16.00 


8000072 

16.00 


8000119 

16.00 


2169700 

25.00 


2169100 

25.00 


2187400 

100.00 

A300006-001 

2131000 

50.00 

A300006-002 

2131100 

60.00 

A300004-001 

2001400 

35.00 

A300004-002 

2001500 

40.00 

A300004-003 

2001600 

80.00 


2231700 

120.00 

A300001-007 

2000600 

112.22 


2225400 

158.12 

A300001-009 

2000800 

124.19 


2225500 

162.70 

A300001-001 

2000000 

150.80 

A300001-011 

2001000 

135.71 


2225300 

181.61 

A300001-005 

2000400 

183.08 


2233000 

218.90 

A300001-010 

2000900 

60.23 

A300001-003 

2000200 

66.03 

A300001-006 

2000500 

54.05 

A300001-002 

2000100 

134.28 

A300001-004 

2000300 

202.25 


**************************************************************** 


ELECTRICAL COMPONENTS CAPACITORS 

**************************************************************** 


CAP 

CERAMIC 1.0PF 

1KV SPARK GAP 

C900100-012 

2030900 

2.04 

CAP 

CERAMIC 220PF 

50V 

CC-50221SL 

2195900 

.72 

CAP 

CERAMIC . 01UF 

16V 20% 

C900100-001 

2028700 

.72 

CAP 

CERAMIC 330PF 

50V 20% 

C900100-003 

2029100 

.72 

CAP 

CERAMIC .1UF 

50V 10% 

C900100-008 

2030100 

.72 

CAP 

DIP MICA 10PF 


C600100-001 

2024100 

.72 

CAP 

ELECTROLYTIC 

22UF 15V 

C700100-001 

2025700 

.72 

CAP 

ELECTROLYTIC 

22UF 50V 

C700100-003 

2026100 

.72 

CAP 

ELECTROLYTIC 

4.4UF 35V 10% 

C700100-008 

2026900 

2,08 

CAP 

ELECTROLYTIC 

10UF 16V 20% 

C700100-010 

2027300 

.72 

CAP 

ELECTROLYTIC 

1UF 16V 10% 

C700100-013 

2027900 

1.08 

CAP 

ELECTROLYTIC 

. 22UF 35V 

C700100-016 

2028500 

.72 

CAP 

ELECTROLYTIC 

100UF 10V 

CE-10107S 

2196000 

.72 

CAP 

ELECTROLYTIC 

22UF 100V 

CE-10226SH 

2196100 

.72 

CAP 

ELECTROLYTIC 

2.2KUF 10V 

CE-10228S 

2196200 

2.28 

CAP 

ELECTROLYTIC 

100UF 160V 

CE-16107SH 

2196300 

6.60 

CAP 

ELECTROLYTIC 

22UF 160V 

CE-16226SH 

2196400 

1.27 

CAP 

ELECTROLYTIC 

220UF 16V 

CE-16227S 

2199300 

.72 

CAP 

ELECTROLYTIC 

3.3KUF 357 

u£.-55338S 

2196500 

6.91 

CAP 

ELECTROLYTIC 

4.7KUF 16V 

CE-35478S 

2196600 

6.56 

CAP 

ELECTROLYTIC 

4.7UF 16V 

CM-16475 

2196700 

.72 

CAP 

ELECTROLYTIC 

470 35V 

CT-35338S 

2198200 

1.68 
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CAP 

MICA 20PF 


C600100-002 

2024300 

.72 

CAP 

MICA 100PF 50V 5% 


C600100-004 

2024700 

.72 

CAP 

MICA 47PF 50V 5% 


C600100-005 

2024900 

.72 

CAP 

MICA 150PF 500V 1% 


C600100-006 

2025100 

.72 

CAP 

MICA 330PF 500V 5% 


C600100-007 

2025300 

.95 

CAP 

MICA 390PF 500V 5% 


C600100-008 

2025500 

1.07 

CAP 

MONOLYTHIC . 01UF 50V 10% 

C900100-002 

2028900 

.72 

CAP 

MONOLYTHIC 330PF 100V 

20% 

C900100-004 

2029300 

.72 

CAP 

MONOLYTHIC 47PF 100V 5% 

C900100-005 

2029500 

1.08 

CAP 

MONOLYTHIC 68PF 1KV 20% 

C900100-007 

2029900 

.72 

CAP 

MONOLYTHIC .039UF 50V 

10% 

C900100-009 

2030300 

.72 

CAP 

MONOLYTHIC .039UF 50V 

5% 

C900100-010 

2030500 

1.08 

CAP 

MYLAR . 0068UF 200V 


CM-20682H 

2196800 

.72 

CAP 

MYLAR . 001UF 50V 


CM-50102 

2196900 

.72 

CAP 

MYLAR . 01UF 50V 


CM-50103 

2197000 

.72 

CAP 

MYLAR . 047UF 50V 


CM-50473 

2197100 

.72 

CAP 

MYLAR . 47UF 50V 


CM-50474 

2197200 

1.44 

CAP 

MYLAR .1UF 600V 


CM-60104H 

2197300 

1.35 

CAP 

MYLAR . 047UF 400V 


CO-40473H 

2197500 

1.86 

CAP 

RADIAL LEAD 1UF 15V 


C800100-001 

2027901 

.72 

CAP 

TANTALUM .68UF 50V 


C700100-002 

2025900 

1.74 

CAP 

TANTALUM 3.3UF 50V 10% 


C700100-005 

2026300 

2.40 

CAP 

TANTALUM 10UF 25V 10% 


C700100-009 

2027100 

1.98 

CAP 

TANTALUM 4.7UF 16V 10% 


C700100-011 

2027500 

.96 

CAP 

TANTALUM .33UF 35V 


CT-35334 

2198100 

1.20 

CAP 

NON POLARIZED .20UF 50V 

CN-152065 

2197400 

4.63 


**************************************************************** 


DIODES - REGULATORS - TRANSISTORS 
**************************************************************** 


DIODE ZENER IN759A/RD12EB 

SD-10254 

2201600 

1.82 

DIODE IN914 

S360100-000 

2047500 

.72 

DIODE IN920/KDS8513A 

SD-10258 

2201800 

.90 

DIODE IN4001 

S360100-001 

2047700 

.91 

DIODE IN4004/DS-130TB 

SD-10257 

2202200 

1.00 

DIODE IN5391/DS135D 

SD-01251 

2200600 

.72 

DIODE DSA17C/MR500 

SD-01253 

2201500 

1.94 

DIODE DS18/IDS135D 

SD-01252 

2201400 

.72 

DIODE DS113A/MRI-1000 

SD-01255 

2201700 

6.29 

DIODE LEC MV55A RED 

S360100-003 

2048100 

3.00 

DIODE P6KE 

S360100-002 

2047900 

4.20 

REGULATOR LAS1512 

SI-0551 

2202500 

35.00 

REGULATOR LAS16CB 

R600005-001 

2126900 

18.60 

REGULATOR LAS1605 

R600004-003 

2126800 

23.70 

REGULATOR LAS1812 

SI-01553 

2202400 

35.00 

REGULATOR 78M05 

R600000-001 

2126100 

3.96 

TRANSISTOR 2N2219A 

S350100-000 

2045300 

3.60 

TRANSISTOR 2N2907A 

S350100-003 

2045900 

.97 

TRANSISTOR 2N3019 

S350100-002 

2045700 

2.64 

TRANSISTOR 2N3 906/2SA495 

ST-10351 

2042200 

.91 

TRANSISTOR 2N4401/2SC1166 

S350100-001 

2045500 

2.02 

TRANSISTOR 2N5551/2SC983 

S350100-009 

2047100 

2.59 

TRANSISTOR 2N6121/2SC1173 

ST-01353 

2199700 

4.00 

TRANSISTOR 2N6124/2SA473 

ST-01354 

2202100 

4.28 

TRANSISTOR 2SC2233/MJE13006 

S350100-010 

2047300 

22.80 

TRANSISTOR KTC 1627A/MPSA06 

S350100-007 

2046700 

2.07 

TRANSISTOR 2N3904/KTC1815 

S350100-006 

2046500 

4.50 
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***************************************************************** 

FIRMWARE 

***************************************************************** 

SYSTEM EPROM 910 

1800000-020 

8000020 

37.501 

SYSTEM ROM 910 

1800000-015 

8000015 

18.90 1 

SYSTEM EPROM 910PLUS 

1800000-040 

8000040 

25.001 

SYSTEM ROM 912/920B (A49B1) 

1740010-049 

2033800 

25.801 

SYSTEM ROM 912/920C (A49C1) 

1740010-050 

2034000 

25.801 

SYSTEM EPROM 925 

1800000-033 

8000033 

37.501 

SYSTEM EPROM 925 

1800000-031 

8000031 

37.50 1 

SYSTEM ROM 950 (A41) 

1800000-001 

8000001 

18.901 

SYSTEM ROM 950 (A42) 

1800000-007 

8000007 

18.901 

CHAR GEN EPROM 910/910PLUS 

1800000-021 

8000021 

37.50 1 

CHAR GEN ROM 910/910PLUS 

1800000-016 

8000016 

18.901 

CHAR GEN ROM 912/920 (A3-2) 

1740010-053 

2034600 

14.941 

CHAR GEN EPROM 925 

1800000-021 

8000021 

37.501 

CHAR GEN ROM 925 

1800000-016 

8000016 

18.90 1 

CHAR GEN ROM 950 (A32) 

1800000-003 

8000003 

18.901 

CHAR GEN ROM 950 (A33) 

1800000-002 

8000002 

18.901 

KYBD EPROM 910/910PLUS 

1800000-019 

8000019 

21.001 

KYBD ENCDR 910/910PLUS 

1800000-020 

2053200 

22.501 

KYBD ENCDR 910/910PLUS 

1740011-013 

2051800 

22.50! 

KYBD ROM 925/950 (U6) 

1800000-009 

8000009 

37.50 1 


*********************************************** 

INTERGRATED CIRCUITS 

****************** 

***************************************************************** 

IC 

74S00 

1740010-000 

2024000 

2.201 

IC 

74LS00 

1740010-001 

2024200 

1.721 

IC 

74LS03 

1740010-002 

2024400 

1.72 1 

IC 

74S04 

1740010-003 

2024600 

2.41 1 

IC 

74LS04 

1740010-004 

2024800 

1.80 1 

IC 

74LS05 

1740010-005 

2025000 

1.80 1 

IC 

74LS08 

1740010-006 

2025200 

1.80 1 

IC 

74LS10 

1740010-007 

2025400 

1.80 1 

IC 

74SL20 

1740010-008 

2025600 

1.72 1 

IC 

74LS32 

1740010-009 

2025800 

1.86 1 

IC 

74LS42 

1740010-010 

2026000 

2.55 1 

IC 

74LS51 

1740010-011 

2026200 

1.80 1 

IC 

74S74 

1740010-012 

2026400 

3.581 

IC 

74LS74 

1740010-013 

2026600 

1.80 1 

IC 

74LS86 

1740010-014 

2026800 

2.07 1 

IC 

74LS109 

1740010-015 

2027000 

2.00 1 

IC 

74LS139 

1740010-016 

2027200 

3.181 

IC 

74LS157 

1740010-017 

2027400 

2.76 1 

IC 

74LS163 

1740010-018 

2027600 

4.56 1 

IC 

74LS166 

1740010-019 

2027800 

5.041 

IC 

74LS173 

1740010-020 

2028000 

4.141 

IC 

74LS174 

1740010-021 

2028200 

3.181 

IC 

74LS253 

1740010-022 

2028400 

3.241 

IC 

74LS367 

1740010-023 

2028600 

2.76 1 

IC 

74LS373 

1740010-024 

2028800 

3.481 

IC 

74LS374 

1740010-025 

2029000 

3.481 

IC 

75188N/1488 

1740010-026 

2029200 

4.141 

IC 

75189AN/1489 

1740010-027 

2029400 

4.141 

IC 

TIL117 

1740010-029 

2029800 

4.481 

IC 

NE555 

1740010-031 

2030200 

2.581 
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IC DP8304 
IC AMD2111-4A 
IC 2502HP 
IC TMS9927/5027 
IC P8035 
IC H11G3 
IC 7406 
IC 4N38 
IC 7414 
IC 2114 

IC 74LS245/N8T245N 
IC 74LS191 
IC 74LS273 
IC 74S240 
IC 74LS175 
IC 74S32/629 
IC 74LS11 
IC 93S16PC 
IC 74LS138 
IC 74LS02 
IC 74LS241 
IC AM26LS31 
IC AM26LS32 
IC 74LS240 
IC 74LS244 
IC 74S174 
IC 74LS14 
IC 6116 
IC 6502A 
IC 6545 
IC 6551 1MHz 
IC 6552A 
IC Z80A SIO/2 
IC Z80A CTC 
IC Z80A CPU 
IC Z80A DMA 
IC 64K RAM DYN 
IC 68B045 2 MHz 
IC SY6551A-1 2MHz 
IC SY6545A-1 2MHz 
IC 910/910 PLUS GATE 
IC 925 GATE ARRAY 
IC 950 GATE ARRAY A 
IC 950 GATE ARRAY B 


1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740010 

1740011 

1740011 

1740011 

1740011 

1740011 

1740011 

1740011 

1740011 

1740011 

1740011 

1740011 

1740011 

1740011 

ARRAY 


-032 

2030400 

17.59 

-033 

2030600 

13.32 

-034 

2030800 

15.52 

-035 

2031000 

81.76 

-036 

2031200 

41.05 

-051 

2034200 

3.45 

-054 

2034800 

2.05 

-055 

2035000 

4.32 

-057 

2035400 

1.92 

-059 

2035800 

9.75 

-061 

2036200 

5.76 

-063 

2036600 

2.70 

-068 

2037600 

3.48 

-069 

2037800 

8.82 

-070 

2038000 

1.74 

-074 

2038800 

1.80 

-076 

2040000 

1.14 

-080 

2040800 

6.60 

-081 

2041000 

1.68 

-084 

2041600 

1.14 

-086 

2042000 

3.54 

-088 

2042400 

7.92 

-089 

2042600 

7.92 

-096 

2044000 

3.54 

-097 

2044200 

5.52 

-099 

2044600 

3.96 

-105 

2045800 

1.44 

-000 

2049200 

40.00 

-002 

2049600 

28.94 

-003 

2049800 

66.24 

-004 

2155700 

28.80 

-005 

2050200 

27.21 

-007 

2050600 

58.00 

-008 

2050800 

16.80 

-009 

2051000 

21.18 

-010 

2051200 

56.76 

-012 

2051600 

83.76 

-017 

2052600 

31.50 

-019 

2053000 

24.00 

-018 

2052800 

50.10 


2057400 

42.60 


2057400 

42.60 


2057600 

23.88 


2057800 

23.88 


**************************************************************** 


RESISTORS & POTENTIOMETERS 

**************************************************************** 


RES 

CF 

68 OHM 1/4W 5% 

R514000-001 

2051100 

.72 

RES 

CF 

270 OHM 1/4W 5% 

R514000-002 

2051300 

.72 

RES 

CF 

330 OHM 1/4W 5% 

R514000-003 

2051500 

.72 

RES 

CF 

470 OHM 1/4W 5% 

R514000-004 

2051700 

.72 

RES 

CF 

510 OHM 1/4W 5% 

R514000-005 

2051900 

.72 

RES 

CF 

IK OHM 1/4W 5% 

R514000-006 

2052100 

.72 

RES 

CF 

1.8K OHM 1/4W 5% 

R514000-007 

2052300 

.72 

RES 

CF 

3.3K OHM 1/4W 5% 

R514000-009 

2052700 

.72 

RES 

CF 

4.7K OHM 1/4W 5% 

R514000-011 

2053100 

.72 

RES 

CF 

180 OHM 1/4W 5% 

R514000-012 

2053300 

.72 
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RES CF 1M OHM 1/4W 5% 

RES CF 750 OHM 1/4W 5% 

RES CF 1.2K OHM 1/4W 5% 

RES CF 100K OHM 1/4W 5% 

RES CF 51K OHM 1/4W 5% 

RES CF 22 OHM 1/4W 5% 

RES CF 47K OHM 1/4W 5% 

RES CF 150 OHM 1/4W 5% 

RES CF 10K OHM 1/4W 5% 

RES CF 200 OHM 1/4W 5% 

RES CF 33 OHM 1/4W 5% 

RES CF 100 OHM 1/4W 1% 

RES CF 51 OHM 1/4W 5% 

RES CF 22K OHM 1/4W 5% 

RES CF 27K OHM 1/4W 5% 

RES CF 47 OHM 1/4W 5% 

RES CF 2.7K OHM 1/4W 5% 

RES CF 91 OHM 1/4W 5% 

RES CF 2.2K OHM 1/4W 5% 

RES CF 3.9K OHM 1/4W 5% 

RES CF 6.8K OHM 1 . 4W 5% 

RES CF 30K OHM 1/4W 5% 

RES CF 56K OHM 1/4W 5% 

RES PACK IK OHM SIP 10% 

RES PACK 6.2K OHM SIP 10% 

RES PACK 10K OHM SIP 5% 

RES PACK 4.7K OHM SIP 10% 

RES PACK IK OHM SIP 5% 

RES CF 510 OHM 1/2W 5% 

RES CF 220 OHM 1/2W 5% 

RES CF 390 OHM 1/2W 5% 

RES CF 820 OHM 1/2W 5% 

RES CF 1.5K OHM 1/2W 5% 

RES CF 10K OHM 1/2W 5% 

RES CF 2 . 2M OHM 1/2W 5% 

RES WW 0.6 OHM 2W 
POT BRIGHTNESS & VERTICAL HEIGHT 
POT VERTICAL LINEARITY 
POT VIDEO B + 

POT FOCUS 
POT CONTRAST 


R514000-014 

2031500 

.72 

R514000-015 

2031700 

.72 

R514000-016 

2031900 

.72 

R514000-017 

2032100 

.72 

R514000-018 

2032300 

.72 

R514000-024 

2033500 

.72 

R514000-025 

2033700 

.72 

R514000-026 

2033900 

.72 

R514000-027 

2034100 

.72 

R514000-028 

2034300 

.72 

R514000-029 

2034500 

.72 

R514000-031 

2034900 

.72 

R514000-037 

2036100 

.72 

R514000-038 

2036300 

.72 

R514000-043 

2037300 

.72 

R514000-045 

2037700 

.72 

R514000-048 

2038300 

.72 

R514000-049 

2038500 

.72 

R514000-050 

2038700 

.72 

R514000-051 

2177400 

.72 

R514000-052 

2039100 

.72 

R514000-053 

2039300 

.72 

R514000-054 

2039500 

.72 

R514000-100 

2040500 

1.58 

R514000-101 

2040700 

1.73 

R514000-103 

2041100 

2.04 

R514000-10 4 

2041300 

1.20 

R514000-111 

2042700 

3.00 

R514003-000 

2045100 

.72 

R514003-001 

2186000 

.72 

R514003-002 

2176600 

.72 

R514003-003 

2186200 

.72 

R514003-004 

2186300 

.72 

R514003-005 

2186400 

.72 

R514003-006 

2186500 

.72 

RC02608J 

2177100 

.72 

RF-07104B 

2177700 

1.06 

RF-07202B 

2177800 

1.06 

RF-07473B 

2177900 

1.06 

RV-24205B 

2180100 

3.86 

RV-24501B 

2180200 

2.77 



**************************************************************** 

TRANSFORMERS/COILS 

**************************************************************** 
TRANSFORMER; FLYBACK KFS-00093 IC-01467 2201300 55.48 

TRANSFORMER; HORIZ DR HDT19 IC-01466 2201200 4.08 

TRANSFORMER; POWER W/CON CRT858 IC-01465 2201100 129.24 

COIL INDUCTOR 27UH .3PIE IC-01464 2201000 1.20 

COIL LINEARITY ADJUSTABLE IC-01463 2213600 7.20 

COIL LINEARITY NON ADJUSTABLE IC-01462 2200900 5.24 

COIL DEFLECTION YOKE W/CONN IC-01461 2200800 31.63 

KYS-00060 
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**************************************************************** 

MISCELLANEOUS 

**************************************************************** 


CRYSTAL 16MHZ OSC 
CRYSTAL 23.814 MHZ (912/920) 
CRYSTAL 5.7143MHZ 
CRYSTAL 1.8432 MHZ 
CRYSTAL 8.0000 MHZ 
CRYSTAL 13.6080 MHZ 
CRYSTAL 23.814 K1114A (950) 
FUSE, 3A 125V 25EA. 

FUSE, 1A 250V 25EA. 

POWER ADAPTER PATTERN GEN 
THERMISTER, SDT-100 


1740010-090 

2042800 

27.00 

M200401-001 

2098600 

11.11 

M200401-002 

2098601 

7.85 

M200401-003 

2098602 

8.16 

M200401-004 

2098603 

4.80 

M200401-006 

2098605 

8.70 

1740010-056 

2035200 

37.08 

FC12503A 

2223700 

11.85 

M200104-001 

2223300 

11.85 


2176300 

41.40 

3312453 

2180300 

1.44 


**************************************************************** 
MECHANICAL COMPONENTS KEYCAPS 


**************************************************************** 


KEYCAP 

DG 

1X1 

20XXXXX 

.72 

KEYCAP 

DG 

1X1 SCULP 

20XXXXX 

.72 

KEYCAP 

DG 

1X1 BLANK (25ea) * 

2222100 

13.50 

KEYCAP 

DG 

1X1 SCULP BLANK 0 (25ea) * 

2231600 

22.50 

KEYCAP 

DG 

1X1 SCULP BLANK -7 (25ea)* 

2231300 

22.50 

KEYCAP 

DG 

1X1 SCULP BLANK +7 (25ea)* 

2231400 

22.50 

KEYCAP 

DG 

1X1 SCULP BLANK +14 (25ea) * 

2231500 

22.50 

KEYCAP 

DG 

1X1-1/2 

2072XXX 

1.52 

KEYCAP 

DG 

1X1-1/2 SCULP 

2084XXX 

2.56 

KEYCAP 

DG 

1X1-1/ 2 BLANK ( 25ea) 

2222200 

33.00 

KEYCAP 

DG 

1X1-1/2 SCULP BLANK +7 (25ea) * 

2231200 

33.00 

KEYCAP 

DG 

1X8 

2077400 

1.98 

KEYCAP 

DG 

1X8 SCULP 

2089700 

3.00 

KEYCAP 

LG 

1X1 

207XXXX 

.72 

KEYCAP 

LG 

1X1 SCULP 

208XXXX 

.72 

KEYCAP 

LG 

1X1 BLANK (25ea) * 

2222400 

15.00 

KEYCAP 

LG 

1X1 SCULP BLANK 0 (25ea)* 

2231100 

22.50 

KEYCAP 

LG 

1X1 SCULP BLANK -7 (25ea)* 

2231000 

22.50 

KEYCAP 

LG 

1X1 LOW PRO 

207XXXX 

.72 

KEYCAP 

LG 

1X1 LOW PRO SCULP 

2089XXX 

.72 

KEYCAP 

LG 

1X1 LOW PRO BLANK (25ea)* 

2222500 

13.50 

KEYCAP 

LG 

1X1 LOW PRO SCULP BLANK (25ea)* 

2223100 

22.50 

KEYCAP 

LG 

1X1-1/4 

2077300 

1.52 

KEYCAP 

LG 

1X1-1/ 4 SCULP 

2089600 

2.44 

KEYCAP 

LG 

1X1-1/ 4 BLANK (25ea) * 

2222600 

31.50 

KEYCAP 

LG 

1X1-1/ 4 SCULP BLANK +7 (25ea)* 

2230900 

28.50 

KEYCAP 

LG 

1X1-1/2 

2072XXX 

1.52 

KEYCAP 

LG 

1X1-1/2 SCULP 

2084XXX 

2.56 

KEYCAP 

LG 

1X1-1/2 BLANK (25ea) * 

2222300 

33.00 

KEYCAP 

LG 

1X1-1/2 SCULP BLANK -7 (25ea)* 

2230800 

33.00 

KEYCAP 

LG 

"L" RETURN 

2077100 

1.86 

KEYCAP 

LG 

"L" BLANK (RETURN) 

2077101 

3.90 

KEYCAP 

LG 

"L" SCULP RETURN 

2089400 

2.76 

KEYCAP 

LG 

"L" SCULP BLANK (RETURN) 

2161602 

3.90 

KEYCAP 

BLACK 1X1 

20XXXXX 

.72 

KEYCAP 

BLACK 1X1 BLANK (25ea)* 

2053700 

22.50 
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KEYCAP 

BLACK 1X1-1/2 

2063XXX 

1.80 

KEYCAP 

BLACK 1X1-1/2 BLANK (25ea) * 

2221800 

30.00 

KEYCAP 

BLACK 1X8 

2077500 

2.70 

KEYCAP 

TAN 

1X1 

206XXXX 

.72 

KEYCAP 

TAN 

1X1 BLANK (25ea) * 

2221900 

18.00 

KEYCAP 

TAN 

1X1-1/2 

2063700 

1.80 

KEYCAP 

TAN 

1X1-1/2 BLANK (25ea) * 

2222000 

37.50 

KEYCAP 

SET 

910/910PLUS 

2202700 

52.44 

KEYCAP 

SET 

912B 

2090300 

52.44 

KEYCAP 

SET 

912C 

2090500 

52.44 

KEYCAP 

SET 

920B 

2090400 

63.24 

KEYCAP 

SET 

920C 

2090600 

56.58 

KEYCAP 

SET 

925/950 

2090900 

79.29 

KEYCAP 

SET 

925/950 SCULP 

2091000 

59.10 


* BLANK KEYCAPS SOLD IN QTY 25 


**************************************************************** 

SWITCHES 


KEYSWITCH 

KEYSWITCH - ALPHA LOCK 
SWITCH TOP ADJ 7 POS DIP 
SWITCH TOP ADJ 10 POS DIP 
SWITCH SIDE ADJ 10 POS DIP 
PUSHBUTTON SWITCH 
SWITCH POWER ON/OFF SPST 
SWITCH POWER SELECT , DPDT 


CABLE ASY KEYBOARD 912/920 
CABLE ASY KEYBOARD 910 
CABLE ASY KEYBOARD 925/950 
CABLE ASY MODEM RJ11 
CONNECTOR 2 PIN RT ANGLE 
CONNECTOR 2 PIN STR WAF 
CONNECTOR 5 PIN STR WAF 
CONNECTOR 40 PIN HDR STRAIGHT 
CONNECTOR KEYBOARD PCB 26PIN 
CONNECTOR KEYBOARD RJ11 
CONNECTOR RIGHT ANGLE RS232 
CONNECTOR STRAIGHT RS232 
CORD, POWER 6 ' 3 " 3 PRONG CONN 
E-RING MINIMUM 25 
EQL ASY SPACE BAR DAMPER 
EQL ASY SPACE BAR, GUIDE STEM 
EQL ASY SPACE BAR, KEY GUIDE 
EQL ASY SPACE BAR KEYGUIDE ARM 
FUSE HOLDER, CLIP 
FUSE HOLDER, PANEL MOUNT 
INSULATION PAD TRANSISTOR 
INSULATOR PAD CRYSTAL 
KNOB, CONTRAST 
KEYSTOPPERS 100ea 


1'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k' 

%‘k’k’k'k'k‘k'k'k 

KS-123456 

2199400 

3.60 

KS-123457 

2199500 

6.22 

M200101-001 

2174200 

3.84 

M200101-002 

2181000 

3.90 

M200101-003 

2096800 

5.70 

M200101-004 

2096900 

17.88 

M200107-001 

2097300 

7.89 

M200108-001 

2097400 

6.92 

I'k'k'k’k'k'k’k'k'k'k'te'k'k'k'k'kiii'k'k’k'&'teie'k'k'k'k'ki' 

jLANEOUS 

:***************************** 

B510003-003 

2005900 

25.08 

B510003-009 

2005901 

25.08 

B510000-001 

2005700 

10.92 

B510002-001 

2135900 

17.34 

M200601-006 

2098703 

.72 

M200603-002 

2098800 

.72 

M200603-005 

2098802 

.72 

M200209-004 

2098107 

7.50 

M200601-004 

2098701 

4.21 

M200202-001 

2097900 

2.22 

M200201-001 

2097800 

10.62 

M200201-005 

2174300 

20.00 


2109000 

19.87 

CRT-010174 

2223600 

5.70 

K030500-003 

2096300 

.72 

K030500-002 

2096200 

.90 

K030500-001 

2091200 

1.80 

K030500-004 

2096400 

3.60 

4301512 

2180400 

.72 

M200106-001 

2097200 

21.00 

M200100-002 

2180800 

.72 

M220000-001 

2099700 

1.02 

CRT-010124 

2153000 

.72 

KS123458 

2223800 

12.00 
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PIVOTSHAFT MINIMUM 25 
SHROUD CONN 910/912/920 
SHROUD CONN MODEM 910/912/920 
SHROUD CONN 925/950 
SHROUD CONN MODEM 925/950 


SOCKET 

IC 

14 

PIN 

SOCKET 

IC 

16 

PIN 

SOCKET 

IC 

18 

PIN 

SOCKET 

IC 

24 

PIN 

SOCKET 

IC 

28 

PIN 

SOCKET 

IC 

40 

PIN 

SOCKET 

IC 

16 

PIN LOW PROFILE 


CRT-010138 

2197800 

4.68 

M400011-001 

2100200 

10.00 

M400011-002 

2100201 

20.00 

M400008-001 

2100100 

10.00 

M400008-002 

2100103 

20.00 

M200301-004 

2098403 

.78 

M200301-007 

2098405 

.72 

M200301-001 

2098400 

.83 

M200301-002 

2098401 

1.10 

M200301-005 

2098404 

1.32 

M200301-003 

2098402 

1.80 

M200303-003 

2174601 

6.00 
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PART NUMBER 


PART LIST: KEYCAPS I 

MODEL: 970 DETACHABLE KEYBOARD 


DATE 12/09/82. 

PAGE 1 OF 4. 


DESCRIPTION 

1 SCULPTURED/MATTED 

1 PRINTED 1 BLANK 

1 

1 PRINTED 

1 

BLANK 

1 

1 

I 

COMMENTS 1 NOTES 

1X1 

LIGHT GREY BLANK 

| 

1 2161600 

1 

1 


1 

0 DEGREES (1) 

1X1 

LG SETUP/NOSCROLL 

1 2088700 

1 2161600 

I 

1 


I 

0 

n 

1X1 

LIGHT GREY FI 

1 2085000 

1 2161600 

1 

1 


1 

0 

n 

1X1 

LIGHT GREY F2 

1 2085100 

1 2161600 

1 

1 


1 

0 

ft 

1X1 

LIGHT GREY F3 

1 2085200 

1 2161600 

1 

1 


1 

0 

n 

1X1 

LIGHT GREY F4 

1 2085300 

1 2161600 

1 

1 


1 

0 

ft 

1X1 

LIGHT GREY F5 

1 2085400 

1 2161600 

1 

1 


1 

0 

n 

1X1 

LIGHT GREY F6 

1 2085500 

1 2161600 

1 

1 


1 

0 

n 

1X1 

LIGHT GREY F7 

1 2085600 

1 2161600 


1 


1 

0 

n 

1X1 

LIGHT GREY F8 

1 2085700 

1 2161600 

1 

1 


1 

0 

n 

1X1 

LIGHT GREY F9 

1 2085800 

1 2161600 

1 

1 


i 

0 

ft 

1X1 

LIGHT GREY F10 

1 2085900 

1 2161600 

1 

1 


1 

0 

n 

1X1 

LIGHT GREY Fll 

1 2086000 

1 2161600 

1 

1 


1 

0 

n 

1X1 

LIGHT GREY F12 

1 2087600 

1 2161600 

1 

1 


1 

0 

ft 

1X1 

LIGHT GREY F13 

1 2087700 

1 2161600 

! 

1 


1 

0 

rt 

1X1 

LIGHT GREY F14 

1 2087900 

1 2161600 

i 

1 


1 

0 

tt 

1X1 

LIGHT GREY F15 

1 2087800 

1 2161600 

1 

1 


1 

0 

tt 

1X1 

LIGHT GREY F16 

1 2088000 

1 2161600 

1 

1 


1 

0 

n 

1X1 

LG CHAR INSERT 

1 2086100 

1 2161600 

1 

1 


1 

0 

?t 

1X1 

LG CHAR DELETE 

1 2086200 

1 2161600 

1 

1 


1 

0 

tt 

1X1 

LG LINE INSERT 

1 2086300 

1 2161600 

1 

1 


1 

0 

tt 

1X1 

LG LINE DELETE 

1 2086400 

1 2161600 

1 

1 


1 

0 

tt 

1X1 

DARK GREY BLANK 

I 

1 2161700 

1 

1 


1 

+14 

DEGREES 

1X1 

DG LOC ESC/ESC 

1 2084200 

1 2161700 

1 

1 


1 

+14 

ft 

1X1 

DARK GREY l/l 

1 2077800 

1 2161700 

1 

1 


1 

+14 

" (2) 

1X1 

DARK GREY 2/@ 

1 2077900 

1 2161700 

1 

1 


1 

+14 

tt 

1X1 

DARK GREY 3/# 

1 2078000 

1 2161700 

1 

1 


1 

+14 

ft 

1X1 

DARK GREY 4/$ 

1 2078100 

1 2161700 

1 

i 


1 

+14 

ft 

1X1 

DARK GREY 5/% 

1 2078200 

1 2161700 

1 

1 


1 

+14 

If 

1X1 

DARK GREY 6/ 

1 2078300 

! 2161700 

1 

1 


1 

+14 

ft 

1X1 

DARK GREY 7/& 

1 2078400 

1 2161700 

i 

i 


1 

+14 

ft 

1X1 

DARK GREY 8/* 

1 2078500 

1 2161700 

1 

1 


1 

+14 

ft 

1X1 

DARK GREY 9/ ( 

1 2078600 

1 2161700 

1 

1 


1 

+14 

ft 

1X1 

DARK GREY 0/) 

1 2078700 

1 2161700 

1 

1 


1 

+14 

91 

1X1 

DARK GREY -/_ 

1 2078800 

1 2161700 

1 

1 


1 

+14 

ft 

1X1 

DARK GREY =/+ 

1 2078900 

1 2161700 


I 


1 

+14 

ft 



PARTLIS'r: KEYCAPS PART NUMBER DATE 12/09/82 

MODEL: 970 DETACHABLE KEYBOARD PAGE _2 OP 4 


1 

DESCRIPTION 1 

SCULPTURED/MATTED KEYCAP 
PRINTED 1 BLANK 

1 

1 PRINTED 

jHjHRRR^j 

1 

1 

1 

COMMENTS 1 NOTES 

1X1 DARK GREY V~ 1 

2230100 

1 2161700 

1 

i 

1 

+14 

SI 

1X1 DARK GREY \/ I 1 

2079100 

1 2161700 


i 

! 

+14 

If 

1X1 DG BACK SPACE 1 

2079200 

1 2161700 

! 

i 

1 

+14 

if 

1X1-1/2 DARK GREY TAB 1 

2084500 

1 2161801 

1 

i 

1 

+7 

IS 

1X1 DARK GREY Q 1 

2080600 

1 2161800 

1 

! 

1 

+7 

n 

1X1 DARK GREY W 1 

2080700 

1 2161800 

! 


1 

+7 

If 

1X1 DARK GREY E 1 

2080800 

1 2161800 

1 

1 

1 

+7 

n 

1X1 DARK GREY R 1 

2080900 

1 2161800 

1 


1 

+7 

m 

1X1 DARK GREY T 1 

2081000 

1 2161800 

1 

1 

I 

+7 

DEGREES 

1X1 DARK GREY Y 1 

2081100 

I 2161800 

I 

1 

1 

+7 

If 

1X1 DARK GREY U 1 

2081200 

1 2161800 

I 

1 

I 

+7 

M 

1X1 DARK GREY I 1 

2081300 

1 2161800 

! 

! 

1 

+7 

91 

1X1 DARK GREY 0 1 

2081400 

1 2161800 

I 

1 

1 

+7 

SI 

1X1 DARK GREY P 1 

2081500 

1 2161800 

I 

1 

1 

+7 

39 

1X1 DARK GREY [/ ] 1 

2081600 

1 2161800 

I 

1 

1 

+7 

If 

1X1-1/2 DG LINE FEED 1 

2084400 

1 2161801 

1 

i 

1 

+7 

If 

1X1-1/ 4 LG CLEAR SPACE 1 

2088400 

1 2161802 

! 

1 

1 

+7 

m 

1X1 LIGHT GREY CONTROL 1 

2086900 

1 2161600 

1 

I 

1 

0 DEGREES 

1X1 DARK GREY ALPHA LOCK 1 

2081800 

1 2161601 

1 

1 

1 

0 

m 

1X1 DARK GREY A 1 

2081900 

1 2161601 

1 

1 

! 

0 

n 

1X1 DARK GREY S 1 

2082000 

1 2161601 


1 

1 

0 

99 

1X1 DARK GREY D 1 

2082100 

1 2161601 

1 

1 

1 

0 

98 

1X1 DARK GREY F 1 

2082200 

1 2161601 

1 

1 

1 

0 

If 

1X1 DARK GREY G 1 

2082300 

1 2161601 

! 

1 

1 

0 

89 

1X1 DARK GREY H 1 

2082400 

1 2161601 

i 

1 

1 

0 

IS 

1X1 DARK GREY J 1 

2082500 

1 2161601 

1 

1 

1 

0 

if 

1X1 DARK GREY K 1 

2082600 

1 2161601 

I 

1 

1 

0 

98 

1X1 DARK GREY L 1 

2082700 

1 2161601 

1 

! 

1 

0 

is 

1X1 DARK GREY ;/: 1 

2082800 

1 2161601 

1 

1 

! 

0 

if 

1X1 DARK GREY '/" 1 

2082900 

1 2161601 

1 

1 

I 

0 

if 

LIGHT GREY "L" RETURN 1 

2089400 

1 2161602 

\ 

1 

1 

0 

n 

1X1 LIGHT GREY BREAK 1 

2087000 

1 2162101 

1 

1 

1 

0 

19 

1X1 DARK GREY BACK TAB 1 

2081700 

1 2161900 

1 

1 

I 

-7 

if 

1X1-1/2 LG SHIFT 1 

2084700 

1 2161902 

1 

1 

1 

-7 

If 

1X1 DARK GREY Z 1 

2083000 

I 2161900 

1 

1 

1 

-7 

H 





PART NUMBER 


PARTLIST: KEYCAPS 

MODEL: 970 DETACHABLE KEYBOARD 


DATE 12/09/82 

PAGE 3 OF 4. 


DESCRIPTION 


1 SCULPTURED/MATTED KEYCAP 
1 PRINTED 1 BLANK 

1 

1 PRINTED 

1 

1 BLANK 

1 

1 

COMMENTS 

1 

1 NOTES 

1X1 

DARK 

GREY 

X 

1 2083100 1 

2161900 

! 

1 

1 

-7 

n 


1X1 

DARK 

GREY 

C 

1 2083200 1 

2161900 

1 

1 

1 

-7 

n 


1X1 

DARK 

GREY 

V 

1 2083300 1 

2161900 

1 

1 

1 

-7 

n 


1X1 

DARK 

GREY 

B 

1 2083400 1 

2161900 

1 

1 

1 

-7 

n 


1X1 

DARK 

GREY 

N 

1 2083500 1 

2161900 

1 

i 

1 

-7 

19 


1X1 

DARK 

GREY 

M 

1 2083600 1 

2161900 

1 

1 

1 

-7 

n 


1X1 

DARK 

GREY 

,/< 

1 2083700 1 

2161900 

1 

1 

1 

-7 

it 


1X1 

DARK 

GREY 

./> 

1 2083800 1 

2161900 

1 

1 

1 

-7 

n 


1X1 

DARK 

GREY 

//? 

1 2083900 1 

2161900 

1 

1 

1 

-7 

n 


1X1 

DARK 

GREY 

{/} 

1 2084000 i 

2161900 

1 

1 

1 

-7 

DEGREES 

1X1 

LIGHT GREY DEL 

1 2087100 1 

2161901 

1 

1 

1 

-7 

ft 


1X1 

LG PRINT 

(LP) 

1 2089300 1 

2162101 

1 

1 

1 

0 

-fl 

(3) 

1X1 

LG FUNCTION (LP) 

1 2089000 1 

2162101 

1 

1 

1 

0 

If 

(3) 

1X8 

DARK 

GREY 

SPACE BARI 2089700 1 


1 

1 

1 

0 

99 


1X1 

LG HOME (LP) 

1 2089100 1 

2162101 

1 

1 

1 

0 

If 

(3) 

1X1 

LG CURSER 

(LP) 

1 2140500 1 

2162101 

1 

1 

1 

0 

It 

(3) (4) 

1X1 

LG LINE ERASE 

1 2086500 1 

2161600 

1 

1 

1 

0 

ft 


1X1 

LG PAGE ERASE 

1 2086600 1 

2161600 

1 

1 

1 

0 

If 


1X1 

LIGHT GREY SEND 

1 2088500 1 

2161600 

1 

1 

1 

0 

If 


1X1 

DARK 

GREY 

7 

1 2079900 1 

2161601 

1 

1 

1 

0 

If 


1X1 

DARK 

GREY 

8 

1 2080000 1 

2161601 

1 

1 

1 

0 

If 


1X1 

DARK 

GREY 

9 

1 2080100 1 

2161601 

1 

1 

1 

0 

If 


1X1 

DARK 

GREY 

4 

1 2079600 1 

2161601 



1 

0 

If 


1X1 

DARK 

GREY 

5 

1 2079700 1 

2161601 

1 


1 

0 

n 


1X1 

DARK 

GREY 

6 

1 2079800 1 

2161601 

1 

1 

1 

0 

n 


1X1 

DARK 

GREY 

1 

1 2079300 1 

2161601 

1 

1 

1 

0 

if 

- ,, 

1X1 

DARK 

GREY 

2 

1 2079400 1 

2161601 


1 


0 

n 


1X1 

DARK 

GREY 

3 

1 2079500 ! 

2161601 

1 

1 

1 

0 

it 


1X1 

DARK 

GREY 

F 

1 2080400 1 

2161601 

1 

1 

1 

0 

n 


1X2 

DARK 

GREY 

0 

1 2088100 1 

2251300 

1 

1 

1 

0 

if 


1X1 

DARK 

GREY 


1 2080500 1 

2161601 

1 

1 

1 

0 

n 


1X1 

DARK 

GREY 

- 

1 2080300 1 

2161601 

1 

1 

1 

0 

n 


1X1 

DARK 

GREY 

PAGE 

1 2087200 1 

2161601 

1 

1 

1 

0 

if 


1X1 

DARK 

GREY 

CE 

1 2087300 1 

2161601 

1 

i 

1 

0 

if 



PART LIST: KEYCAPS PART NUMBER DATE 12/09/82. 

MODEL: 970 DETACHABLE KEYBOARD PAGE 4 OF 4 


DESCRIPTION 

1 SCULPTURED/MATTED KEYCAP 1 

1 PRINTED 1 BLANK 1 PRINTED 

1 

1 BLANK 

1 1 

1 COMMENTS 1 NOTES 

1X1 DARK GREY RESET 

1 2087400 

1 2161601 1 

1 

I 0 DEGREES 

2x1 LIGHT GREY TAB 

1 2088200 

1 2251400 1 

1 

1 0 

2x1 LIGHT GREY ENTER 

1 2088300 

1 2251400 1 

1 

1 0 

1X1 DARK GREY 00 

1 2180700 

1 2161601 1 

I 

1 0 


MQTES 

1) DEGREES REFER TO SCULPTURED/MATTED KEYCAPS ONLY 

2) SLASH BETWEEN TWO CHARACTERS (ie: 1 / 1 ) FOR CLARITY AND IS NOT 
PRINTED ON KEYCAP 

3) LOW PROFILE KEYS 

4) SAME KEY CAN BE USED FOR ALL FOUR CURSER POSITIONS 



PART LIST! KEYCAPS PART NUMBER 

MODEL: 925 DETACHABLE KEYBOARD 

950 DETACHABLE KEYBOARD 


DATE 11/15/82 

PAGE 1 OF 3_ 


DESCRIPTION 

1 STEPPED 

1 PRINTED 

KEYCAPS 

1 BLANK 

SCULPTURED/MATTED KEYCAPS 1 

PRINTED 1 BLANK 1 COMMENTS/NOTES 

1X1 

LIGHT GREY BLANK 

| 

1 

2073000 


I 

2161600 

1 0 DEGREES (1) 

1X1 

LG NO SCROLL/SETUP 

1 2075500 

1 

2073000 

2088700 

1 

2161600 

1 0 

If 

1X1 

LIGHT GREY FI 

1 2073100 

1 

2073000 

2085000 

1 

2161600 

1 0 

n 

1X1 

LIGHT GREY F2 

1 2073200 

1 

2073000 

2085100 

1 

2161600 

1 0 

n 

1X1 

LIGHT GREY F3 

1 2073300 

1 

2073000 

2085200 

1 

2161600 

1 0 

n 

1X1 

LIGHT GREY F4 

1 2073400 

1 

2073000 

2085300 

1 

2161600 

1 0 

w 

1X1 

LIGHT GREY F5 

1 2073500 

1 

2073000 

2085400 

! 

2161600 

1 0 

n 

1X1 

LIGHT GREY F6 

1 2073600 

1 

2073000 

2085500 

1 

2161600 

I 0 

n 

1X1 

LIGHT GREY F7 

1 2073700 

I 

2073000 

2085600 

1 

2161600 

1 0 

n 

1X1 

LIGHT GREY F8 

1 2073800 

1 

2073000 

2085700 

1 

2161600 

1 0 

n 

1X1 

LIGHT GREY F9 

1 2073900 

1 

2073000 

2085800 


2161600 

1 0 

if 

1X1 

LIGHT GREY F10 

1 2074000 

1 

2073000 

2085900 

1 

2161600 

! 0 

n 

1X1 

LIGHT GREY Fll 

1 2074100 

1 

2073000 

2086000 

1 

2161600 

1 0 

n 

1X1 

LG CHAR INSERT 

1 2074200 

1 

2073000 

2086100 

1 

2161600 

1 0 

n 

1X1 

LG CHAR DELETE 

1 2074300 

1 

2073000 

2086200 

1 

2161600 

1 0 

if 

1X1 

LG LINE INSERT 

1 2074400 

1 

2073000 

2086300 

1 

2161600 

1 0 

ff 

1X1 

LG LINE DELETE 

1 2074500 

1 

2073000 

2086400 

1 

2161600 

1 0 

n 

1X1 

DARK GREY BLANK 

I 

i 

2065800 


1 

2161700 

1 +14 

DEGREES 

1X1 

DG ESC/LOC ESC 

1 2072300 

1 

2065800 

2084200 

I 

2161700 

1 +14 

If 

1X1 

DARK GREY 1/! 

1 2065900 

1 

2065800 

2077800 

1 

2161700 

1 +14 

" (2) 

1X1 

DARK GREY 2/0 

1 2066000 

1 

2065800 

2077900 

1 

2161700 

1 +14 

If 

1X1 

DARK GREY 3/# 

1 2066100 

1 

2065800 

2078000 

1 

2161700 

1 +14 

II 

1X1 

DARK GREY 4/$ 

1 2066200 

1 

2065800 

2078100 

1 

2161700 

1 +14 

II 

1X1 

DARK GREY 5/% 

1 2066300 

i 

2065800 

2078200 

1 

2161700 

1 +14 

If 

1X1 

DARK GREY 6/" 

1 2066400 

1 

2065800 

2078300 

1 

2161700 

1 +14 

If 

1X1 

DARK GREY 7/& 

1 2066500 

1 

2065800 

2078400 

1 

2161700 

1 +14 

If 

1X1 

DARK GREY 8/* 

1 2066600 

1 

2065800 

2078500 

1 

2161700 

1 +14 

If 

1X1 

DARK GREY 9/ ( 

1 2066700 

1 

2065800 

2078600 

1 

2161700 

1 +14 

n 

1X1 

DARK GREY 0/) 

1 2066800 

1 

2065800 

2078700 

! 

2161700 

1 +14 

if 

1X1 

DARK GREY -/_ 

1 2066900 

! 

2065800 

2078800 

1 

2161700 

1 +14 

if 

1X1 

DARK GREY =/ + 

1 2067000 

i 

2065800 

2078900 

1 

2161700 

1 +14 

is 

1X1 

DARK GREY '/~ 

1 2067100 

! 

2065800 

2079000 

1 

2161700 

1 +14 

w 

1X1 

DARK GREY \/ 1 

1 2067200 

1 

2065800 

2079100 

1 

2161700 

1 +14 

ti 

1X1 

DG BACK SPACE 

1 2067300 

1 

2065800 

2079200 

i 

2161700 

1 +14 

if 

1X1- 

-1/2 DARK GREY TAB 

1 2072600 

1 

2072400 

2084500 

! 

2161801 

1 +7 

if 

1X1 

DARK GREY Q 

1 2068700 

1 

2065800 

2080600 

1 

2161800 

I +7 

19 

1X1 

DARK GREY W 

1 2068800 

1 

2065800 

2080700 

I 

2161800 

1 +7 

SI 

1X1 

DARK GREY E 

1 2068900 

1 

2065800 

2080800 

1 

2161800 

1 +7 

If 

1X1 

DARK GREY R 

1 2069000 

! 

2065800 

2080900 

1 

2161800 

1 +7 

If 


PA R T,.. - NU MB 


PAR'. 1ST: KEYCAPS 
MODEL: 925 DETACHABLE KEYBOARD 

950 DETACHABLE KEYBOARD 


DATE 11/15/82 

PAGE 2 OF 3. 


I STEPPED KEYCAPS I SCULPTURED/MATTED KEYCAPS 


DESCRIPTION 1 

PRINTED 

1 BLANK 1 

PRINTED 

! 

BLANK 

1 COMMENTS/NOTES 

1X1 

DARK 

GREY T 1 

2069100 

1 2065800 1 

2081000 

i 

2161800 

! +7 

DEGREES 

1X1 

DARK 

GREY Y 1 

2069200 

1 2065800 1 

2081100 

1 

2161800 

1 +7 

90 

1X1 

DARK 

GREY U 1 

2069300 

1 2065800 1 

2081200 

1 

2161800 

1 +7 

99 

1X1 

DARK 

GREY I 1 

2069400 

1 2065800 1 

2081300 

! 

2161800 

1 +7 

31 

1X1 

DARK 

GREY 0 1 

2069500 

1 2065800 I 

2081400 

! 

2161800 

i +7 

99 

1X1 

DARK 

GREY P 1 

2069600 

1 2065800 ! 

2081500 

! 

2161800 

I +7 

99 

1X1 

DARK 

GREY [/] I 

2069700 

I 2065800 1 

2081600 

i 

2161800 

1 +7 

09 

1X1- 

-1/2 DG LINE FEED 1 

2072500 

1 2072400 1 

2084400 

1 

2161801 

! +7 

n 

1X1- 

-1/4 LG CLEAR SPACE 1 

2077300 

1 2077200 1 

2089600 

1 

2161802 

1 +7 

89 

1X1 

LIGHT GREY CTRL 1 

2075000 

i 2073000 1 

2086900 

! 

2161600 

1 0 

DEGREES 

1X1 

DARK 

GREY ALPHA LOCK 1 

2069900 

1 2065800 1 

2081800 

! 

2161601 

1 0 

91 

1X1 

DARK 

GREY A 1 

2070000 

1 2065800 1 

2081900 

! 

2161601 

1 0 

99 

1X1 

DARK 

GREY S I 

2070100 

1 2065800 1 

2082000 


2161601 

1 0 

n 

1X1 

DARK 

GREY D 1 

2070200 

1 2065800 1 

2082100 

! 

2161601 

1 0 

99 

1X1 

DARK 

GREY F 1 

2070300 

1 2065800 1 

2082200 


2161601 

1 0 

99 

1X1 

DARK 

GREY G 1 

2070400 

1 2065800 1 

2082300 

1 

2161601 

1 0 

99 

1X1 

DARK 

GREY H 1 

2070500 

1 2065800 1 

2082400 

1 

2161601 

1 0 

99 

1X1 

DARK 

GREY J 1 

2070600 

1 2065800 1 

2082500 

! 

2161601 

1 0 

09 

1X1 

DARK 

GREY K 1 

2070700 

1 2065800 1 

2082600 

I 

2161601 

1 0 

99 

1X1 

DARK 

GREY L 1 

2070800 

1 2065800 1 

2082700 


2161601 

1 0 

09 

1X1 

DARK 

GREY ;/: 1 

2070900 

1 2065800 1 

2082800 

I 

2161601 

1 0 

99 

1X1 

DARK 

GREY '/" ! 

2071000 

1 2065800 1 

2082900 

1 

2161601 

1 0 

01 

LIGHT GREY "L" RETURN 1 

2077100 

1 2077101 1 

2089400 

1 

2161602 

1 0 

99 

1X1 

LIGHT GREY BREAK 1 

2075100 

i 2073000 1 

2087000 

1 

2161600 

1 0 

09 

1X1 

DARK 

GREY BACK TAB ! 

2069800 

1 2065800 1 

2081700 

1 

2161900 

1 -7 

19 

1X1- 

-1/2 LG SHIFT 1 

2072800 

1 2072700 1 

2084700 

1 

2161902 

! -7 

99 

1X1 

DARK 

GREY Z 1 

2071100 

1 2065800 1 

2083000 

1 

2161900 

1 -7 

99 

1X1 

DARK 

GREY X 1 

2071200 

1 2065800 1 

2083100 

1 

2161900 

1 -7 

99 

1X1 

DARK 

GREY C 1 

2071300 

1 2065800 1 

2083200 

1 

2161900 

1 -7 

99 

1X1 

DARK 

GREY V 1 

2071400 

1 2065800 1 

2083300 

1 

2161900 

I -7 

09 

1X1 

DARK 

GREY B 1 

2071500 

1 2065800 1 

2083400 

1 

2161900 

1 -7 

99 

1X1 

DARK 

GREY N 1 

2071600 

1 2065800 1 

2083500 

! 

2161900 

! -7 

99 

1X1 

DARK 

GREY M 1 

2071700 

1 2065800 1 

2083600 

1 

2161900 

1 -7 

If 

1X1 

DARK 

GREY ,/< 1 

2071800 

1 2065800 1 

2083700 

1 

2161900 

1 -7 

19 

1X1 

DARK 

GREY ./> 1 

2071900 

1 2065800 1 

2083800 

I 

2161900 

1 -7 

13 

1X1 

DARK 

GREY //? 1 

2072000 

1 2065800 1 

2083900 

i 

2161900 

1 -7 

If 



PA LIST: 

KEYCAPS 


PART-NDh^R 

DATE. 

11/15/82 

MODEL: 925 

950 

DETACHABLE 

DETACHABLE 

KEYBOARD 

KEYBOARD 


PAGE. 

3 OF 3_ 


DESCRIPTION 


1 STEPPED 

1 PRINTED 

KEYCAPS 

1 BLANK 

1 SCULPTURED/MATTED KEYCAPS 
1 PRINTED 1 BLANK 

1 

1 COMMENTS/NOTES 

1X1 

DARK GREY 

{/} 

1 2072100 

1 

2065800 

1 2084000 

1 

2161900 

1 -7 

DEGREES 

1X1 

LIGHT GREY DEL 

1 2075200 

1 

2073000 

1 2087100 

1 

2161901 

1 -7 

99 


1X1 

LG PRINT 

(LP) 

1 2077000 

i 

2076500 

1 2089300 

1 

2162101 

1 0 

91 

(3) 

1X1 

LG FUNCT 

(LP) 

1 2076700 

i 

2076500 

1 2089000 

1 

2162101 

! 0 

n 

(3) 

1X8 

DARK GREY 

SPACE BAR 1 2077400 

i 


1 2089700 

! 


1 0 

n 


1X1 

LG HOME 

(LP) 

1 2076800 

1 

2076500 

1 2089100 

1 

2162101 

1 0 

91 

(3) 

1X1 

LG CURSER 

(LP) 

1 2076900 

1 

2076500 

1 2140500 

1 

2162101 

1 0 

99 

(3) (4) 

1X1 

LG LINE ERASE 

1 2074600 

1 

2073000 

1 2086500 

1 

2161600 

1 0 

99 


1X1 

LG PAGE ERASE 

1 2074700 

1 

2073000 

1 2086600 

1 

2161600 

1 0 

99 


1X1 

LIGHT GREY SEND 

1 2075300 

! 

2073000 

1 2088500 

i 

2161600 

1 0 

99 


1X1 

DARK GREY 

7 

1 2068000 

1 

2065800 

1 2079900 

1 

2161601 

1 0 

99 


1X1 

DARK GREY 

8 

1 2068100 

1 

2065800 

1 2080000 

i 

2161601 

1 0 

99 


1X1 

DARK GREY 

9 

1 2068200 

1 

2065800 

1 2080100 

1 

2161601 

1 0 

99 


1X1 

DARK GREY 

4 

1 2067700 

1 

2065800 

1 2079600 

i 

2161601 

1 0 

19 


1X1 

DARK GREY 

5 

1 2067800 

1 

2065800 

1 2079700 

1 

2161601 

1 0 

99 


1X1 

DARK GREY 

6 

1 2067900 

i 

2065800 

1 2079800 

1 

2161601 

1 0 

99 


1X1 

DARK GREY 

1 

1 2067400 

1 

2065800 

1 2079300 

1 

2161601 

! 0 

99 


1X1 

DARK GREY 

2 

1 2067500 

1 

2065800 

1 2079400 

1 

2161601 

1 0 

99 


1X1 

DARK GREY 

3 

1 2067600 

I 

2065800 

1 2079500 

1 

2161601 

1 0 

99 


1X1 

DARK GREY 

f 

1 2068500 

1 

2065800 

1 2080400 

1 

2161601 

1 0 

99 


1X1 

DARK GREY 

0 

1 2068300 

1 

2065800 

1 2080200 

1 

2161601 

1 0 

99 


1X1 

DARK GREY 

• 

1 2068600 

1 

2065800 

1 2080500 

1 

2161601 

1 0 

99 


1X1- 

-1/2 LG ENTER 

1 2072900 

1 

2072700 

1 2084800 

i 

2162103 

1 0 

99 


1X1 

DARK GREY 

- 

1 2068400 

! 

2065800 

1 2080300 

1 

2161601 

1 0 

99 



NOTES: 

1) DEGREES REFER TO SCULPTURED/MATTED KEYCAPS ONLY 

2 ) SLASH BETWEEN TWO CHARACTERS (ie: 1/ ! ) IS FOR CLARITY AND IS NOT 
PRINTED ON KEYCAP 

3) LOW PROFILE KEYCAPS 

4 ) SAME KEYCAP CAN BE USED FOR ALL FOUR CURSER POSITIONS 



( 


( 



PART LIST: KEYCAPS I PART NUMBER DATE 11/10/82 

MODEL: 910/910PLUS KEYBOARD PAGE_1 OP 3 

912C/920C KEYBOARD 


I 910/910PLUS I 912C/920C I 

DESCRIPTION I PRINTED I PRINTED I BLANK 


1X1 LIGHT GREY BLANK I I I 2073000 

1X1 LIGHT GREY Fl I I 2073100 I 2073000 

1X1 LIGHT GREY F2 I I 2073200 I 2073000 

1X1 LIGHT GREY F3 I — I 2073300 I 2073000 

1X1 LIGHT GREY F4 I | 2073400 I 2073000 

1X1 LIGHT GREY F5 I I 2073500 I 2073000 

1X1 LIGHT GREY F6 I — I 2073600 I 2073000 

1X1 LIGHT GREY F7 I I .2073700 I 2073000 

1X1 LIGHT GREY F8 I I 2073800 I 2073000 

1X1 LIGHT GREY F9 I I 2073900 I 2073000 

1X1 LIGHT GREY F10 I — I 2074000 I 2073000 

1X1 LIGHT GREY Fll I I 2074100 I 2073000 

1X1 LG CHAR INSERT I I 2074200 I 2073000 

1X1 LG CHAR DELETE I | 2074300 I 2073000 

1X1 LG LINE DELETE I — I 2074400 I 2073000 

1X1 LG LINE DELETE I | 2074500 I 2073000 

1X1 DARK GREY BLANK I I | 2065800 

1X1 DARK GREY ESC I 2072200 I 2072200 I 2065800 


1X1 DARK GREY l/l I 2065900 I 2065900 I 2065800 
1X1 DARK GREY 2/@ I 2066000 I 2066000 I 2065800 
1X1 DARK GREY 3/# I 2066100 I 2066100 I 2065800 
1X1 DARK GREY 4/$ I 2066200 I 2066200 I 2065800 
1X1 DARK GREY 5/% I 2066300 I 2066300 I 2065800 
1X1 DARK GREY 6/~ I 2066400 I 2066400 I 2065800 
1X1 DARK GREY 7/& I 2066500 I 2066500 I 2065800 
1X1 DARK GREY 8/* I 2066600 I 2066600 I 2065800 
1X1 DARK GREY 9/ ( I 2066700 I 2066700 I 2065800 
1X1 DARK GREY 0/) I 2066800 I 2066800 I 2065800 
1X1 DARK GREY -/_ I 2066900 I 2066900 I 2065800 
1X1 DARK GREY */+ I 2067000 I 2067000 I 2065800 
1X1 DARK GREY '/” I 2067100 I 2067100 I 2065800 
1X1 DARK GREY \/ I I 2067200 I 2067200 I 2065800 
1X1 DG BACK SPACE I 2067300 I 2067300 I 2065800 
1X1-1/2 DARK GREY TAB I 2072600 I 2072600 I 2072400 
1X1 DARK GREY Q I 2068700 I 2068700 I 2065800 
1X1 DARK GREY W I 2068800 I 2068800 I 2065800 
1X1 DARK GREY E I 2068900 I 2068900 I 2065800 
1X1 DARK GREY R I 2069000 I 2069000 I 2065800 
1X1 DARK GREY T I 2069100 I 2069100 I 2065800 
1X1 DARK GREY Y I 2069200 I 2069200 I 2065800 
1X1 DARK GREY U I 2069300 I 2069300 I 2065800 
1X1 DARK GREY I I 2069400 I 2069400 I 2065800 





PARTLIST: KEYCAPS PART NUMBER DATE ll/10/82_ 

MODEL: 910/910PLUS KEYBOARD PAGE _2 OF 3 

912C/920C KEYBOARD 


DESCRIPTION 

I910/910PLUS 

1 PRINTED 

912C/920C 

PRINTED 

1 

1 

BLANK 

1 

1 COMMENTS 

1X1 

DARK GREY 0 

1 2069500 

2069500 


2065800 

1 

1X1 

DARK GREY P 

1 2069600 

2069600 

1 

2065800 

1 

1X1 

DARK GREY [/] 

1 2069700 

2069700 

1 

2065800 

1 

1X1- 

-1/2 DG LINE FEED 

1 2072500 

2072500 

1 

2072400 


1X1- 

-1/4 LG CLEAR SPACE 

1 2077300 

2077300 

1 

2077200 

1 

1X1 

LIGHT GREY CTRL 

1 2075000 

2075000 

1 

2073000 

1 

1X1 

DG ALPHA LOCK 

1 2069900 

2069900 

1 

2073000 


1X1 

DARK GREY A 

1 2070000 

2070000 

1 

2065800 

1 

1X1 

DARK GREY S 

1 2070100 

2070100 

1 

2065800 

1 

1X1 

DARK GREY D 

1 2070200 

2070200 

1 

2065800 

1 

1X1 

DARK GREY F 

1 2070300 

2070300 

1 

2065800 

1 

1X1 

DARK GREY G 

1 2070400 

2070400 

1 

2065800 

1 

1X1 

DARK GREY H 

1 2070500 

2070500 

1 

2065800 

1 

1X1 

DARK GREY J 

1 2070600 

2070600 

1 

2065800 

1 

1X1 

DARK GREY K 

1 2070700 

2070700 

1 

2065800 

1 

1X1 

DARK GREY L 

1 2070800 

2070800 

1 

2065800 


1X1 

DARK GREY ;/: 

1 2070900 

2070900 

1 

2065800 

1 

1X1 

DARK GREY '/" 

1 2071000 

2071000 

1 

2065800 

1 

LIGHT GREY "L" RETURN 

1 2077100 

2077100 

1 

2077101 

1 

1X1 

LIGHT GREY BREAK 

1 2075100 

2075100 

1 

2073000 

1 

1X1 

DARK GREY BACK TAB 

1 2069800 

2069800 

1 

2065800 

1 

1X1- 

-1/2 LG SHIFT 

1 2072800 

2072800 

1 

2072700 

1 

1X1 

DARK GREY Z 

1 2071100 

2071100 

1 

2065800 

1 

1X1 

DARK GREY X 

1 2071200 

2071200 

1 

2065800 

1 

1X1 

DARK GREY C 

1 2071300 

2071300 

1 

2065800 

1 

1X1 

DARK GREY V 

1 2071400 

2071400 

1 

2065800 

1 

1X1 

DARK GREY B 

1 2071500 

2071500 

1 

2065800 

1 

1X1 

DARK GREY N 

1 2071600 

2071600 

1 

2065800 

1 

1X1 

DARK GREY M 

1 2071700 

2071700 

1 

2065800 

1 

1X1 

DARK GREY ,/< 

1 2071800 

2071800 

1 

2065800 

1 

1X1 

DARK GREY ./> 

1 2071900 

2071900 

1 

2065800 

1 

1X1 

DARK GREY //? 

1 2072000 

2072000 

1 

2065800 

1 

1X1 

DARK GREY {/} 

1 2072100 

2072100 

1 

2065800 

1 

1X1 

LIGHT GREY DEL 

1 2075200 

2075200 

1 

2073000 

1 

1X1 

LIGHT GREY PRINT (LP) 

1 2077000 


1 

2076500 

1 (3) 

1X1 

LG CONV/BLOCK (LP) 


2076600 

1 

2076500 

1 (3) 

1X1 

LG FUNCT (LP) 

1 2076700 

2076700 

1 

2076500 

1 (3) 

1X8 

DARK GREY SPACE BAR 

1 2077400 

2077400 

1 


1 

1X1 

LG HOME (LP) 

1 2076800 

2076800 

1 

2076500 

1 (3) 

1X1 

LG CURSER (LP) 

1 2076900 

2076900 

1 

2076500 

1 (3) (4) 

1X1 

LG LINE ERASE 


2074600 

1 

2073000 

1 (1) 

1X1 

LG PAGE ERASE 


2074700 

1 

2073000 

1 (1) 

1X1 

LG SEND LING 


2075300 

1 

2073000 

1 (1) 

1X1 

LG SEND PAGE 


2074900 

1 

2073000 

1 (1) 

1X1 

DARK GREY 7 

1 2068000 

2068000 

1 

2065800 

1 

1X1 

DARK GREY 8 

1 2068100 

2068100 

1 

2065800 

1 

1X1 

DARK GREY 9 

1 2068200 

2068200 

1 

2065800 

1 

1X1 

DARK GREY 4 

1 2067700 

2067700 

1 

2065800 

1 


( 


c 


( 



PARTLIST: KEYCAPS PART NUMBER DATE 11/10/82 

!ODEL: 91Q/910PLUS KEYBOARD PAGE 3 OF 3 

912C/920C KEYBOARD 


DESCRIPTION 


1 910/ 910PLUS 

1 PRINTED 

1 912C/920C 

1 PRINTED 

1 

1 

BLANK 

1 

1 COMMENTS 

1X1 

DARK GREY 

5 

1 2067800 

1 2067800 

1 

2065800 

1 

1X1 

DARK GREY 

6 

1 2067900 

1 2067900 

1 

2065800 

1 

1X1 

DARK GREY 

1 

1 2067400 

1 2067400 

1 

2065800 

1 

1X1 

DARK GREY 

2 

1 2067500 

1 2067500 

1 

2065800 

1 

1X1 

DARK GREY 

3 

1 2067600 

1 2067600 

1 

2065800 

1 

1X1 

DARK GREY 

f 

1 2068500 

1 . 2068500 

1 

2065800 

1 

1X1 

DARK GREY 

0 

1 2068300 

1 2068300 

1 

2065800 

1 

1X1 

DARK GREY 

e 

1 2068600 

1 2068600 

1 

2065800 

1 

1X1- 

-1/2 LG ENTER 

1 2072900 

1 2072900 

1 

2072700 

1 

1X1 

DARK GREY 

- 

1 2068400 

1 2068400 

1 

2065800 

1 


1) KEYCAPS ARE FOR 920C KEYBOARD ONLY. 

2 ) SLASH BETWEEN TWO CHARACTERS (ie: 1/!) IS FOR CLARITY AND IS NOT 
PRINTED ON KEYCAP 

3) LOW PROFILE KEYCAPS 

4) SAME KEYCAPS CAN BE USED FOR ALL FOUR CURSER POSITIONS 





SPARE PART KITS 


The following are the terminal spare part kits available through 
TeleVideo Systems, Inc. Each model terminal has been designated the 
following spare part kits: 

A) Main Logic 

B) Power supply/Video module 

C) Mechanical components 

D) Additional parts 

The suggested stocking levels have been identified as follows: 

For the first 50 terminals lea of kits A, B, C, & D 
are suggested. 

For the next 50 terminals add lea of kits A, & B 

For the next 50 terminals add lea of kits A, B, C, & D 

For the next 50 terminals add lea of kits A, & B 


The list price of the spare part kits (as shown on the Terminal 
Spare Parts Price List) reflect a 25% discount , if the items were 
pu rchased seperately . 


♦Attached are the kits currently available through TeleVideo . 



( 



DATE 02/10/83 


SPARE PARTS KIT 
MODEL: 910 TTL 

LOGIC BOARD 
PART NUMBER: 2000600 


PART # 

, DESCRIPTION 

2029200 

IC 

75188N/1488 

2029400 

IC 

75189AN/1489 

2035800 

IC 

2114 RAM 

2036200 

IC 

74LS245/N8T245N 

2049600 

IC 

6502A 2MHz CPU 

2051800 

IC 

KYBD ENCODER 910/910PLUS 

2052800 

IC 

SY6545A-1 2MHz CRTC 

2053000 

IC 

SY6551A-1 2MHz UART 

8000020 

IC 

EPROM SYS PROG 910 

2028700 

CAF 

' CERAMIC . Oluf /16V 20% ( 





SPARE PARTS KIT DATE 02/10/83 

MODEL: 910 GATE ARRAY 

LOGIC BOARD 

PART NUMBER: 2225400 


PART 


DESCRIPTION 


2029200 

2029400 

2035800 

2036200 

2049600 

2051800 

2052800 

2053000 

8000020 

2057400 

2028700 


IC 75188N/1488 

IC 75189AN/1489 

IC 2114 RAM 

IC 74LS245/N8T245N 

IC 6502A 2MHz CPU 

IC KYBD ENCDR 910/910PLUS 

IC SY6545A-1 2MHz CRTC 

IC SY6551A-1 2MHz UART 

IC EPROM SYS PROG 910 

IC GATE ARRAY 910/925 

CAP CERAMIC . Oluf /16V 20% (2ea) 



( 


( 



SPARE PARTS KIT DATE 02/10/83 

MODEL: 910PLDS TTL 

LOGIC BOARD 

PART NUMBER: 2000800 


PART 


DESCRIPTION 


2029200 

2029400 

2035800 

2036200 

2049600 

2051800 

2052800 

2053000 

8000040 

2028700 


IC 75188N/1488 

IC 75189AN/1489 

IC 2114 RAM 

IC 74LS245/N8T245N 

IC 6502A 2MHz CPU 

IC KYBD ENCDR 910/910PLUS 

IC SY6545A-1 2MHz CRTC 

IC SY 6551A-1 2MHz UART 

IC EPROM SYS PROG 910PLUS 

CAP CERAMIC . Oluf /16V 20% (2ea) 
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DATE 02/10/83 


SPARE PARTS KIT 

MODEL: 910PLUS GATE ARRAY 

LOGIC BOARD 

PART NUMBER: 2225500 


PART 


DESCRIPTION 


2029200 

2029400 

2035800 

2036200 

2049600 

2051800 

2052800 

2053000 

8000040 

2057400 

2028700 


IC 75188N/1488 

IC 75189AN/1 489 

IC 2114 RAM 

IC 74LS245/N8T245N 

IC 6502A 2MHz CPU 

IC KYBD ENCDR 910/910PLUS 

IC SY6545A-1 2MHz CRTC 

IC SY6551A-1 2MHz UART 

IC EPROM SYS PROG 910PLUS 

IC GATE ARRAY 910/925 

CAP CERAMIC . 01uf/16V 20% (2ea) 



( 



SPARE PARTS KIT DATE 02/10/83 

MODEL: 912C/920C TTL 

LOGIC BOARD 

PART NUMBER: 2000000 


PART 


DESCRIPTION 


2026600 

IC 

2027400 

IC 

2028400 

IC 

2029200 

IC 

2029400 

IC 

2030800 

IC 

2031000 

IC 

2031200 

IC 

2034000 

IC 

2035800 

IC 

2098600 

XT 

2028700 

CA 


74LS74 

74LS157 

74LS253 

1488/75188N 

75189AN/1489 

2502HP UART 

TMS 9927/5027 CRTC 

P8035 CPU 

SYSTEM ROM 912/920C A49C1 
2114 RAM 

L 23.814 MHz CRYSTAL (912/920) 
CERAMIC . Oluf /16V 20% (2ea) 



( 


( 



SPARE PARTS KIT DATE 02/10/83 

MODEL: 925 GATE ARRAY 

LOGIC BOARD 

PART NUMBER: 2225300 


PART 


DESCRIPTION 


2029000 

2029200 

2029400 

2035800 

2049600 

2052800 

2053000 

8000031 

8000033 

2057400 

2028700 


IC 74LS374 
IC 75188N/1488 
IC 75189AN/1489 
IC 2114 RAM 
IC 6502A 2MHz CPU 
IC SY6545A-1 2MHz CRTC 
IC SY6551A-1 2MHz UART 
IC EPROM SYS PROG (A50) 

IC EPROM SYS PROG (A49) 

IC GATE ARRAY 910/925 

CAP CERAMIC . Oluf /16V 20% (2ea) 



c 



DATE 02/10/83 


SPARE PARTS KIT 
MODEL: 925 TTL 

LOGIC BOARD 
PART NUMBER: 2001000 


PART # 

DESCRIPTION 



2029000 

IC 

74LS374 



2029200 

IC 

75188N/1488 



2029400 

IC 

75189AN/1489 



2035800 

IC 

2114 RAM 



2049600 

IC 

6502A CPU 



2052800 

IC 

SY6545A-1 2MHz 

CRTC 


2053000 

IC 

SY6551A-1 2MHz 

UART 


8000031 

IC 

EPROM SYS PROG 

925 

(A50 ) 

8000033 

IC 

EPROM SYS PROG 

925 

(A49) 

2028700 

CAP CERAMIC . Oluf /16V 

20% (2ea) 
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DATE 02/10/83 


SPARE PARTS KIT 
MODEL: 950 TTL 

LOGIC BOARD 
PART NUMBER: 2000400 


PART # 

DESCRIPTION 



2029200 

IC 75188N/1488 



2029400 

IC 75189AN/1489 



2035200 

CRY K1114A 23.814 

MHz 

(950) 

2035800 

IC 2114 RAM 



2049600 

IC 6502A CPU 



2049800 

IC 6545 CRTC 



2155700 

IC 6551 UART 



2050200 

IC 6522A VIA 



8000043 

IC EPROM SYS PROG 

950 

(A41) 

8000044 

IC EPROM SYS PROG 

950 

(A42 ) 

2028700 

CAP CERAMIC . Oluf /16V 

20% (2ea) 



c 
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DATE 02/10/83 


SPARE PARTS KIT 
MODEL: 950 GATE ARRAY 

LOGIC BOARD 
PART NUMBER: 2233000 


PART # 

DESCRIPTION 


2029200 

IC 

7 51 88N/1 488 


2029400 

IC 

75189AN/1489 


2035200 

CRY 

K1114A 23.814MHz (950) 

2049600 

IC 

6502A CPU 


2049800 

IC 

6545 CRTC 


2155700 

IC 

6551 UART 


2050200 

IC 

6552A VIA 


8000043 

IC 

EPROM SYS PROG 

950 (A25 ) 

8000044 

IC 

EPROM SYS PROG 

950 A20) 

2057600 

IC 

GATE ARRAY 950 

A (A34) 

2057800 

IC 

GATE ARRAY 950 

B (A37 ) 

2049200 

IC 

6116 RAM 150ns 


2028700 

CAP 

■ CERAMIC . Oluf /16V 20% ( 
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DATE 02/10/83 


SPARE PARTS KIT 
MODEL: 910/910PLUS 

MECHANICAL 

PART NUMBER: 2000900 


PART # 

DESCRIPTION 

2005901 

CABLE ASY KEYBOARD 910/910PLUS 

2223700 

FUSE 3A 125V (25EA) 

2223300 

FUSE 1A 250V (25EA) 

2199400 

KEYSWITCH (3ea) 

2096800 

SWITCH, SIDE ADJ 10 POS DIP 

2097300 

SWITCH, POWER ON/OFF SPST 

2097800 

CONNECTOR RIGHT ANGLE RS232 

2100200 

SHROUD, CONN 910/912/920 

2180200 

POT, CONTRAST 



( 



SPARE PARTS KIT DATE 02/10/83 

MODEL: 912/920 

MECHANICAL 

PART NUMBERS 2000200 


PART # 

DESCRIPTION 

2005900 

CABLE ASY, KEYBOARD 912/920 

2223700 

FUSE, 3A/125V (25ea) 

2223300 

FUSE, 1A/250V (25ea) 

2199400 

KEYSWITCH (3ea) 

2174200 

SWITCH, TOP ADJ. 7 POS. DIP 

2181000 

SWITCH, TOP ADJ. 10 POS DIP 

2096800 

SWITCH, SIDE ADJ. 10 POS DIP 

2097300 

SWITCH, POWER ON/OFF SPST 

2097800 

CONNECTOR RIGHT ANGLE RS232 

2100200 

SHROUD CONN 910/912/920 

2180200 

POT, CONTRAST 



( 



SPARE PARTS KIT DATE 02/10/83 

MODEL: 925/950 

MECHANICAL 

PART NUMBER: 2000500 


PART 


DESCRIPTION 


2005700 

2223700 

2223300 

2199400 

2096800 

2097300 

2097800 

2097900 

2100100 

2180200 


CABLE ASY KEYBOARD 925/950 
FUSE 3A 125V (25EA) 

FUSE 1A 250V (25EA) 

KEYSWITCH (3EA) 

SWITCH SIDE ADJ 10 POS DIP 
SWITCH POWER ON/OFF SPST 
CONNECTOR RIGHT ANGLE RS232 
CONNECTOR KEYBOARD RJ11 
SHROUD, CONNECTOR 925/950 
POT, CONTRAST 



c 



SPARE PARTS KIT: DATE 02/10/83 

MODEL: 910/910PLUS 

912/920 925/950 
POWER SUPPLY & VIDEO MODULE 
PART NUMBER: 2000100 


PART 


DESCRIPTION 


2197300 

2199300 

2200800 

2201000 

2213600 

2200900 

2200600 

2201500 

2201600 

2126800 

2126900 

2176600 

2201200 

2201300 

2045500 

2047100 

2047300 

2046700 

2280000 

2177700 

2177800 

2177900 


CAP MYLAR, . 1UF/600V (C504) 

CAP ELECTROLYTIC 220UF (C305) 

DEFLECTION YOKE W/CONN KYS-00060 (L202) 
COIL INDUCTOR 27UH .3PIE (L302) 

COIL LINEARITY ADJUSTABLE (L201) 

COIL LINEARITY 5 . 4UH NON ADJUSTABLE (L201) 
DIODE IN5391/DS135D (2ea) 

DIODE DSA17C/MR500 (4ea) 

DIODE, ZENER IN759A/RD12EB (D112) 
REGULATOR, LAS1605 2A/5V (IC2) 

REGULATOR, LAS16CB 2A/13 . 8V (IC1) 

RESISTOR, CF 390 ohm l/2w 5% (R102) 
TRANSFORMER HORI Z DR HDT19 (T301) 

TNFR FLYBACK KFS-00093 (T302) 

TRANSISTOR 2N4401/2SC1166 (Q301) 
TRANSISTOR 2N5551/2SC983 (Q103/Q105) 

TRANSISTOR 2SC2233/MJE13006 (Q302) 
TRANSISTOR KTC1627A/MPSA06 (Q102) 

CAP NON POLARIZED 16uf/25V (C306) 

POT 100K BRIGHT/VERT HEIGHT (SFR1/SFR4) 

POT 2K VERT LINEARITY (SFR2) 

POT 5K B+ 75VOLT ADJUST (SFR3 ) 



( 



SPARE PART KITS 
MODEL: ALL 
ADDITIONAL PARTS 
PART NUMBER: 2000300 


PART # 

2024000 

2024200 

2024400 

2024600 

2024800 

2025000 

2025200 

2025400 

2025600 

2025800 

2026000 

2026200 

2026600 

2138500 

2027400 

2027600 

2048200 

2027800 

2028000 

2028200 

2044200 

2138600 

2028400 

2028600 

2028800 

2029000 

2030200 

2030400 

2030600 

2044200 

2030900 

2047500 

2201700 

2201800 

2202200 

2180100 

2177100 

2041300 

2040700 

2152800 

2097400 

2180300 

2201100 

2225600 

2199700 

2202100 


DATE_ 02/10/83 


DESCRIPTION 

IC 74S00 

74LS00 

74LS03 

74S04 

74LS04 

74LS05 

74LS08 

74LS10 

74LS20 

74LS32 

74LS42 

74LS51 

74LS74 

74LS112 

74LS157 

74LS163 

74LS164 

74LS166 

74LS173 

74LS174 

74LS244 

74LS251 

74LS253 

74LS367 

74LS373 

74LS374 

NE555 

DP 8304 

AMD2111-4A 

74LS244 

CAP CERAMIC l.Opf 1KV SPARK GAP 

DIODE, IN914 

DIODE DS 113A/MRI-1000 

DIODE, IN920/KDS8513A 

DIODE, IN4004/DS130TB 

POT FOCUS 2M ohm 

RESISTOR 0 . 6ohm WW 2W 

RESISTOR PAC 4.7K ohm 

RESISTOR PAC 6.2K ohm 

SPEAKER 8ohm W/CONN 

SWITCH, POWER SELECT, DPDT 

THERMISTER, SDT-100 

TRNF , POWER W/CONN (910/920/925/950) 
TRNF, POWER W/CONN (970 ONLY) 

TRANS 2N6121/25C1173 
TRANS 2N6124/25A473 
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4-1 


Overview 

The terminal is controlled by a Z80 microprocessor operating at a clock 
speed of 4 . OMhz . The Z80 can address all 64K memory and refreshes the 
dynamic RAM via the built in dyhamic memory refresh counter during one Ml 
cycle. 


4-2 

Display Fundamentals 

The SMC 9007 video processor /controller is the heart of the display unit . 

It has 14 address lines and can address up to 16k of video memory. The 
chip has a row-table addressing mode and each data row on the screen has its 
own starting address . A row table exists in memory which contains the 
starting address of each data row. For a screen with 26 data rows the row 
table will consist of 26 14 bit address each pointing to the first 
character position of its respective data row. 

The controller is programmed to handle 26 rows by 80 or 132 columns . A 
Double Row Buffer (DRB) allows the buffer be loaded at a slower speed while 
the other buffer is displaying at screen painting speed . This is 
especially important in attribute assembly mode (hidden attribute) . After 
the DRB is loaded the controller address lines are three stated for the 
remaining scan lines of the data row, thereby permitting full processor 
access to memory during these scan lines . The percentages of total memory 
cycles available to the processor is approximately (10-2)/10 which equals 
to 80% . 

During attribute assembly , the attribute data is latched into the 
controller during one clock cycle , both the character and its attribute is 
driven out and written into the row buffer (two 8 bit row buffers) . This 
allows one to reserve 8 bits for font and 8 bits for attributes and each 
attribute only affects the character associated with it . 

Smooth scrolling all or part of the screen (split screen) is accomplished 
by a scroll offset register and two programmable registers which define 
the start data row and the end data row of the smooth scroll operation . 
The offset register will, force the scan line counter outputs of the 
controller to start at the programmed offset value rather than zero for the 
data row that starts the smooth scroll internal. 

Row attributes such as double height double width or single height single 
width are programmed by the most significant 2 bits of the row address 
pointer in the row-table . 
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Communications 

The keyboard is scanned and decoded by using a single chip microcomputer on 
the seperate keyboard PCB. Keyboard entry is transmitted to the processor 
serially at 9600 baud and received thru an SIO. Key codes are assigned 
using a PROM located on the keyboard PCB . The keyboard would interrupt the 
CPU for every character that is entered . 


The modem interface is similar to the keyboard interface and also uses half 
a Z80-SIO tie to the interrupt line. The SIO is connected via a pair of 
line driver and receiver to a standard EIA RS-232 connector . 

The printer also uses half a Z80-SIO serial interface with optional 
interrupt control on the interrupt line . The SIO is connected to an RS232 
connector . 

4-4 


Character Generation 

The character generator is 16k bytes of static RAM. The fonts are loaded 
from system RAM into the font RAM by the CPU . The characters are in a 6X8 
matrix placed in a 8X10 cell with half-dot shift to achieve a 11X8 
resolution . Bit 0 and 7 on the character font are used to control the 
half-dot shift. 

4-5 

Terminal Memory 

2K bytes of CMOS RAM with memory power back up , are used to store the 
terminal's set up parameters and the special function key codes . 

The terminal has 16K RAM space for display memory which provides up to 2 
pages in hidden attribute mode . The CRT controller constantly refreshes 
the display memory to the display screen . 


The terminal can have up to 24K bytes of EPROM (2764) space for firmware 
program code space. The rest of the RAM space not used by the display RAM 
can be used for program data space . 
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Operating Clocks 

The Z80 CTC timing controller is used as a baud rate generator to generate 
the correct frequency clock for the 2 SIO channels . The baud rate on each 
channel is software programmable from 50 to 19 . 2K baud . 


c 
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Interrupt Signals 

The 970 CPU interrupt structure allows the peripheral device to identify 
the starting location of the interrupt service routine. This mode (mode 2) 
allows an indirect call to any memory location by a single 8 bit vector 
supplied by the peripheral. In this mode, the peripheral generating the 
interrupt places the vector onto the data bus in response to an interrupt 
acknowledge. The vector then becomes the least significant eight bits of 
the 16-bit indirect pointer. 

The IEO and IEI lines of the peripheral devices are connected together in a 
daisy-chain fashion with the devices closest to the CPU having the lowest 
priority. 

Frame interrupt interrupts the CPU every 1/60 second or 1/50 second 
depending on line frequency setting. This can be used as the real time 
clock source. The CRT controller frame interrupt must be enabled in order 
to generate the frame interrupt. In response to this interrupt, the CPU 
jumps to location 66H . 
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950 THEORY OP OPERATION 


MAIN LOGIC BOARD 
Overview 

Please refer to pages 1 , 2, 3, and 4 of the block diagrams as you 
read the text that follows. 

Page 1 shows the power-on reset, which is controlled by A17 . 
During power-up, this chip sends the signals necessary to reset the 
CPU and to perform the initial diagnostic routine . 1 This routine 
reads the switches in the back of the terminal and configures it for 
the proper handshaking protocol . 

The 950's CPU is a 6502 , located at A53 . 

The Shift clock (OSC1 ) generates the timing for the 950's logic 
system. The Stretch clock functions as the main clock for the CPU . 
Other clock circuits include the Crystal clock to the UARTs, the 
Shift clock , the DC Carry clock , the C clock , and the QC clock . 

The CPU ' s address bus (6502 bus) addresses the ROM chips (A41 and 
A42). 

The ROMs contain the operating instructions , the power-up 
diagnostics , and the other intructions necessary to operate the 
terminal . Most systems only use two ROMs , but the 950 contains an 
additional , optional ROM (A52) . 

The decoding gates (A58 and A63 ) select one of the three ROMs . 

The other decoder ( A62 ) selects either the DISP.MEM (display memory) 
or the IOP.SEL ( input/output select) signal . 

The auxiliary chip on this page (6522) reads switches (Si and 
S2) , and generates the control signals for the video attributes and 
the bell, as well as several auxiliary control signals used to 
address the display RAM. 

On page 2 of the block diagram, note the continuation of the 6502 
and the 6522. 

The CRT controller chip (CRTC 6545) generates the signals 
necessary to control the monitor portion of the terminal . It outputs 
three primary signals : horizontal synch, vertical synch , and cursor . 
These signals go to the video module . 

The display RAMs are addressed by the 14 address bits coming from 
the CPU bus, as well as the memory address bits from the CRTC. 
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The multiplexers in the center of the page (A43 through A46 ) 
alternately select whether the CPU or the CRTC is permitted to 
address the system and the display RAMs (A25 through A28 , A34 through 
A37 ) . 

The Phase clock controls this process . During one phase of the 
clock the CPU can address RAM. During the other phase , this 
multiplexer allows the CRTC to address RAM. 

When the CPU addresses the system display RAMs, the bidirectional 
latch at A14 is enabled to either input or output data from the 
system RAMs . When the CRT controller addresses the RAMs , the latch 
at A24 holds the display data. 

Normally, the outputs of the CRTC would be used for scrolling . 
However , since the 950 has a smooth scroll option, the output of the 
counter latches at the bottom of page 2 (A60 and A61 ) are used to 
scroll . The CPU controls these latches through the decoder at A62. 

On page 3 of the block diagrams, the row address signals coming 
from these counter latches (A60 and A61 ) and the display data from 
the latch above it (A24 ) are used to address the character-generator 
ROMs (A32 and A33 ) . The character-generator ROMs then output 14 bits 
to a par allel-to-se rial shift register . 

The DC. Carry signal loads these 14 bits at the shift register 
( A22 and A23 ) , and the shift clock shifts the data into the video 
logic and the drivers as a serial data stream. 

The eight bits of display data from latch A24 , as well as one bit 
from the character generator ROMs, address the attribute registers . 

The attribute registers 1 output also addresses the video logic 
and drivers , as do the video attribute signals sent by 6522 . These 
signals (dark on light , cursor , force blank , blink rate , and maximum 
intensity) control the video attributes through the video logic and 
drivers . Note that , in the 950 , the maximum intensity signal (MI) is 
standard. To highlight , the 950 uses half intensity. The output is 
routed to the video module . 

The XTALl clock (clock source) controls the three UARTs on page 4 
of the block diagrams . 

A49 receives data from the keyboard. 

A50 receives and transmits data for the main port (P3) . 

A51 receives and transmits data for the pr inter port (P4 ) . 
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CPU Timing and Control 


A 23 . 814 MHz. oscillator (OSC 1, sheet 6) generates the timing 
for the 950 1 s entire internal logic system. Known as the Shift (or 
dot) clock , it drives the two shift registers (A22 and A23) . These 
registers bring in parallel data and shift it out as serial dot data. 

The active low* shift clock is gated with the terminal count 
output of the C. clock (Character clock) counter. Together they 
drive a latch (A24 , sheet 4) that holds data from character 
addresses 0 through 7, as well as the flip-flop (A31 , Sheet 4) that 
controls the DEL CURSOR signal. 

A 4-bit binary counter (A3, sheet 6) divides the shift clock's 
rate by 14 , creating eight 1.701 mHz clocks. 

The C. clock , which is the time base for character generation, 
drives the CRT chip (6545 , sheet 2) . The active low C. clock has two 
purposes. It drives the Hex D flip-flops (A64 and A71) that time 
the CRTC RESET. It also controls the Stretch clock , which 
generates clock periods twice the normal length (1175ns vs. 588ns) 
upon command from the CPU. 

This circuit (sheet 6) accesses slower memory or peripheral 
devices. The final output (called "00" or "Phase Zero clock") goes 
to the 6502 and all the peripheral chips. The Phase Zero clock 
controls the CPU bus timing, and it triggers all data transfers 
between the CPU and the other internal processors. 

The DC. carry signals function as two clocks. The active high 
DC. Carry clock drives a flip-flop (A19 , sheet 4) that is part of the 
video attribute circuitry. The active low DC. Carry clock is 
connected to the LD or Shift/Load enable lines (A22 and A23 , pin 15 , 
sheet 4) of two parallel-to-serial shift registers (A22 and A23) . 
These registers are part of the characacter generation circuitry. 

The XTALl clock drives UARTs A49, A50, and A51 , which interface 
data to and from the terminal. 

The QC clock combines with three RAM address lines (A15 , sheet 
3) to form a l-of-10 decoder . The decoder 1 s output goes to the 
chip select lines of each system RAM and each page of memory. The 
QC clock also deselects the RAM chips while the address lines are 
settling. 

Line lock and smooth scroll are two 950 features not normally 
attainable with the 6545 CRT controller . To use them, additional 
circuity is required. 


*The active low state is indicated by a bar above the signal name . 
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To achieve line lock, the top of the 6545 ' s display register 
must be reloaded at the beginning of each character row. A general 
description of this circuitry follows. 

To achieve smooth scroll, a CPU-loadable count-up counter (A60, 
sheet 4) must replace the 6545 ' s internal scan line counter. 
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Display Controller 

The 6545 (A55) generates each character's memory address in 
the display RAMS (A25 through A28) as it is to be displayed. It 
also generates the horizontal and vertical synchronization (synch) 
pulses necessary to control the deflection circuits of the monitor 
(CRT) . 

Note 1 In the text that follows, the term "scan line" refers to 
one of ten scan lines created by the electron beam, which makes up 
one data row. 

The 6522 ' s timer (T2) counts horizontal scan lines . When a 
specified number of scans have been executed, it interrupts the 
CPU (6502) with the NMI-interrupt . The CPU then loads the memory 
address of the next data row into the CRT controller (6545) . 

At the same time the NMI-interrupt is issued to the CPU, the 
CRTC reset timer (A64 and A71 , sheet 7) is cleared, causing it to 
reset. The reset is released after seven C.CLK periods, and the 
CRTC starts timing the next character row. This operation allows 
the CPU to determine the order of the display lines so that some 
lines can be locked while others scroll. 

To achieve a smooth scrolling effect, the number of scan lines 
in the character row and the starting scan line of each row must be 
specified. 

The 6522 ' s timer , which counts horizontal synch pulses, 
specifies the number of scan lines in the present character row. 
Normally, ten lines are used when smooth scroll is disabled. During 
a smooth scroll , this number ranges between 1 and 10 on the top and 
bottom rows . 

To do this, the processor loads a 4-bit value into a latch (A61 , 
sheet 4). When the CRTC is reset, this value is transferred to the 
counter (A60 , sheet 4) and becomes the first scan line of the next 
data line. Each horizontal synch pulse then increases this value 
until the start of the next data line. At that point, it is preset 
again to a value determined by the CPU. 

The CPU and the display controller share access to the system 
and display RAM during the alternate phase of the 6502 ' s Phase 2 
clock . 

During the positive portion of the Phase 2 clock , the CPU 
address can be gated onto the RAM address bus through multiplexers 
(A43 through A46 , sheet 2) . A bidirectional transceiver (A14 , 
sheet 3 ) passes data between the CPU data bus and the RAM data bus. 
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During the negative portion of the Phase 2 clock , the 6545 
address bus (A55) is gated onto the RAM address bus, allowing the 
video data to be loaded into a latch (A24 , sheet 4 ) . This address 
becomes the input for the character generators and the attribute 
generation circuitry. 

This alternating ( "interleaved") access allows the processor to 
operate at normal speed without interruption or degradation of the 
display quality (which could be caused by accidental appropriation 
of the display bus by the processor as it accesses data) . 
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Video and Character Generation 

To create the 950 ' s display, the CRT scans horizontally from 
left to right , and vertically from top to bottom. Depending on the 
terminal ' s Hertz setting, the scan consists of 250 horizontal scan 
lines , each repeated 50 or 60 times per second. Each scan line 
displays 80 sections of 14-dot pixels . Each character line contains 
ten horizontal scan lines. This makes each character cell 14 pixels 
wide by 10 pixels high. 

Characters are formed when the electron beam turns on 
individual pixels . The CRTC "MA" lines access the display memory 
once each character time (14 dot clocks) . Once each cycle, the data 
from the display memory is then latched by the character address 
latch (A24 , sheet 4) . The output from this latch drives the eight 
most significant address lines of the character generator ROMs (A32 
and A33 , sheet 4) . 

The scan-line counter controls the four least significant 
address lines of the character generators. The scan-line counter 1 s 
output changes only at the end of the scan line, when horizontal 
synch goes high. 

The character generator 1 s output is a 14-bit word that 
represents the pixel pattern to be displayed. The Shift clock loads 
this word into a 14-bit parallel- in/ serial-out shift register (A22 
and A23 , sheet 4) , and shifts it out, one bit at a time . 

Thus, as the present pixel pattern of one character is loaded, 
the character address of the next character is latched. The bits 
shifted out of the shift register are mixed with display enable and 
the cursor and attribute data , creating the video output to the 
monitor . This signal turns the CRT 1 s electron beam on and off as the 
beam sweeps the raster . 



Figure 3 Video and Character Generation 
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Visual Attribu es 


The 950 has five visual attributes: half intensity, blink, 
blank, underline, and reverse video. 

The only attribute created on a character-by-character basis is 
half intensity. All other attributes are "field" attributes; i.e. 
they have a specified starting and ending point . All characters 
between these points are affected by the attribute selected . 

In the 95 ( , attributes are stored in the display RAM just like 
displayed characters. An attribute character occupies a character 
space on the screen and is displayed as a half intensity space . The 
attribute becomes active immediately to the right of that space and 
remains in effect until the end of the screen. 

Since an attribute is stored as a character in the display 
RAM, the character generation logic processes it as though it were 
a displayed character . However , the byte stored in RAM for an 
attribute character differs from that for a display character in that 
bits 4 and 7 are always set, while bits 5 and 6 are always reset. 

Bits 0 through 3 define the active attribute . When the low- 
order character generator ROM ( A33 , sheet 4 ) is accessed by these 
codes (90 through 9F) , the resulting data bit (A33 , pin 17 ) is output 
as a high. 

A21 1 s data input comes from the output of a four-channel , two- 
to-one multiplexer (A20) . While nonattribute characters are 
displayed, the multiplexer is driven by the output of A19, During an 
attribute character time , the output of Nand gate All is low, and it 
selects the A input to the multiplexer . This input connects with the 
output of the And gates that compare the previous attributes (output 
of A21 ) to the new attributes (output of A24 ) . 

If the previous attribute bit and the corresponding bit of the 
new attribute are both high, the output of the And gate is high. If 
one or both are low, the ouptut of the And gate is low and the 
attribute is turned of f . 

Thus, if an attribute is true for both the previous attribute 
and the new attribute , it is true while the new attribute is 
displayed on the screen . Otherwise , it turns off when the new 
attribute character starts . 
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The 950's attributes continue from character line to character 
line. Since any attribute on the previous line must be displayed on 
the current line until a new attribute is found , the logic must 
remember the last attribute of the previous line . 

To summarize, A21 ' s output is used by the video logic to turn 
visual attributes on or of f . Its input can come from two sources : 
the output of the AND gates and the output of A19 . 

The output of the And gates defines the attribute (s) to be 
displayed during the attribute character , while A19 1 s output 
determines the attribute ( s) to be displayed during a nonattribute 
character . 

A19 ' s output is set to equal the previous character line 1 s 
attribute until a new attribute is encountered . At that time , the 
output changes to the new attribute . A18 is used to remember the 

last attribute of a character in any character line . 

Since each character line contains ten scan lines , the attribute 
data changes ten times . At the end of the displayed portion of each 
scan line , the Display Enable signal changes from high to low. This 
signal is then inverted and fed into a two-input Nand gate with the 
Delayed Display Enable signal , which changes one character time after 
Display Enable. Both signals are high only during the 81st character 
time of each scan line , creating a low pulse on the output of the 
Nand gate (A13 and All ) . This pulse enables the output of a tri- 
state latch (A18 ) . 

Al 8 1 s input comes from A20 and is latched only during the last 
scan line of the character row (pin 9, clock enable) . This 
"remembers" the last attribute data of any character line . A18 1 s 

output is latched into A19 at the end of the displayed portion of 
each scan line . Al9's output then defines the attribute to be 
displayed during the current nonattribute character time . 

The signals for Delayed Display Enable , Delayed Cursor , Dot 
Serial, Bow, Force Blank, and Visual Attribute Data are combined on 
sheet 6. They are gated together through Al , A9 , A10, and All, and 
are amplified to proper voltage and current levels by an NPN 
transistor Q1 (sheet 6) . This transistor drives the video signal to 
the video module and/or external monitor (i.e. composite video). 
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Input/Output Circuits 

Each of the three peripheral ports is controlled by a seperate 
6551 UART. 

UART A50 receives and transmits data for the main port (P3) 

DART A51 receives and transmits data for the printer port (P4) 

DART A49 receives data from the keyboard 

The DARTs receive serial data, convert it to parallel data, and 
tie it directly to the CPD's data bus with input drivers, receivers, 
and switching circuits (A39 , 40 , 47 , 48 , 56 , 57 , 58 , 50 , sheet 5) . 

The use of seperate DARTs for the P3 and P4 ports allows the 
setting of different baud rates for each port. 

The 1489 quadruple input line receivers (A57 and A40) convert 
RS232C voltage levels to TTL voltage levels . The 1488 quadruple 
output line drivers (A48 and A3 9) convert TTL voltage levels to 
RS232C voltage levels. 

The output of A59 , a quadruple 2-to-l multiplexer, selects the 
output line drivers . A59 can select between two inputs (A or B) , and 

route it to its respective outputs . 



Figure 4 I/O Circuits 
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KEYBOARD 


Overview 

The 950 contains a microprocessor-based keyboard. The 
firmware monitors keyboard scanning , return-line testing , and 
communication with the control board . 

In addition to the standard keyboard, additional parts let you 
create a keyboard that allows new key codes to be programmed into the 
keyboard PROM ( 2716 ) . 

Standard Keyboard (Version 1) 

. Requires 5 volts (typical input current = 80 milliamps) 

. 8048 microprocessor 

. Ik byte ROM capacity ( internal to the 8048 ) 

. Asynchronous serial transmit and receive 
. Baud rate = 1200 bits/sec . 

. Word structure = 1 start bit , 8 data bits , 1 stop bit 
Version 2 Keyboard with EPROM 

. Requires 5 volts ( typical input current = 150 milliamps) 

. 8035 microprocessor 

. 2K x 8 byte EPROM 2716 (external to 8035) 

. Status display - 8 LED display 
. Asynchronous serial transmit and receive 
. Baud rate = 1200 bits/ sec . 

. Word structure = 1 start bit , 8 data bits , 1 stop bit 


The Version 2 keyboard with the 2716 EPROM requires a larger 
memory map and storage capability in the microprocessor . Therefore, 
you must also change the standard IK x 8B 8048 microprocessor to a 
2K x 8B 8035. 

To install it , cut jumpers A through M on the circuit side of 
the logic board and install the following components in the 
appropriate locations. 

Components 

U2,U3 74LS367 

U4 75L5373 

U5 EPROM (2716) 

U7 74LS05 

C2,C3 { . 01 uf cap} 

C4,C5 {10% 50V} 

R2 IK 5% 1/4 watt 
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Keyboard Layout 

The keyboard contains 101 keys on a PC board, as shown 
in Figures 5-A and 5-B. 

The key switches are arranged in an X-Y matrix (Figure 6) * Only 
four special keys (CTRL, SHIFT, FUNCT, and ALPHA LOCK) are not 
included in the X-Y matrix. 
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Keyboard Interface 

Communication between the main control board and the keyboard 
controller is asynchronous. The standard asynchronous format used 
by the 950 (Figure 9) consists of one start bit, eight data 
bits, and one stop bit. The baud rate is set to 1200 bits/sec. 
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Figure 7 Keyboard Interface 






Keyboard Scanning Method 

The keyboard microprocessor (8048 oi 8035) drives the scan lines 
(X lines), one at a time, to a low voltage. The return lines (Y lines) 
are tested by the microprocessor. 

The keyboard matrix output ports (10 through 14, 20 through 27) 
latch the X0 through X12 lines to the keyboard. The connections are 
shown in Figure 7. 

Whenever a low voltage is detected on a Y input line, it means 
that a key has been depressed. That key is at the intersection of 
the driven line (X) and the detected line (Y) . 


PORT 1 PORT 2 



XI 2 Xll X10 X9 X8 X7 X6 X5 X4 X3 X2 XI X0 

TO KEYBOARD 
FIGURE 8 8048 PORTS 

The return matrix lines (Y lines) from the keyboard are read 
by the microprocessor's data bus (DO through D7) . The connections 
are shown in Figure 8. 
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Basic Scan Routine 


Starting the scan routine resets the transmit flag and enables 
the external interrupt for receiving status from the control board. 

The keyboard matrix is scanned from the top row to the bottom 
row. As soon as a key is pressed , the row is tested bit by bit , from 
left to right . The matrix key codes are immediately encoded and 
stored in two registers (NEWKY 1 and NEWKY 2) . 

If the results of a matrix scan indicate that more than two keys 
are depressed, the program enters a delay loop for 11 ms . Meanwhile , 
the whole matrix is read once again to verify that the key is still 
depressed. After the key is proven to be valid, the microprocessor 
sends the proper code to the terminal . 

If the depressed key is a repeat key, the last portion of the 
scan routine controls the length of the repeat delay (0.5 sec. ) and 
the autorepeat rate (16 char/sec . ) . The program then branches back 
to the beginning of the scan routine . 
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MODEL 925 

THEORY OF OPERATION 
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4.1 


OVERVIEW 

The TeleVideo Model 925 terminal is the third member of a family 
of terminals based on the 6502A microprocessor. Circuitwise, it 
is very similar to the Model 910; the main differences being 
increased program ROM space, serial keyboard interface, and more 
complex attribute and communications sections . Functionally , 
the 925 is designed to be halfway between the more sophisticated 
Model 950 and the conversational 910. 

As in the 950 and 910, the microprocessor is totally interrupt 
driven. This operation provides the most efficient and error 
free means for asynchronous reception and transmission of data. 

4.2 

OPERATING CLOCKS 

There are three clocks of the 925 control board. Two of these 
are synchronized; shift clock and character clock , while the 
third , the receive and transmit clock , is totally independent of 
the other two. The basic clock on the board is the Video or 
Dot clock . It ' s frequency range is 13 . 608 megaHertz and is pro- 
duced by a crystal controlled oscillator which is made up of the 
crystal , Y2, part of chip A16 , and several passive feedback 
components ( see Sheet 7 of schematic ) . This clock is used to 
shift video data out of a shift register for display on the CRT. 
It is also used to clock a counter , A24 , to create the system 
clock . The system clock is designated ' Character Clock ' on the 
925 schematic . It is used for two purposes ; character clock 
input to the CRT control chip ( A59 , Sheet 2 ) and as the system 
clock (00) input to the 6502A microprocessor (A60 Sheet 1). 

A 74LS163 presettable 4 bit binary counter A24 , Sheet 7 ) is 
used to divide the shift clock by eight; providing a frequency 
of 1.701 megaHertz . The 74LS163 , which is normally a divide by 
16 counter , is forced to divide by eight by loading a count of 
eight into the counter when it reaches it's highest count (15). 

In this mode, the QC output of the counter is low for 4 clocks 
and high for 4, making it suitable for use as a symmetrical 
clock. 

The two Asynchronous Communications Interface Adapters (ACIA 
#1 and ACIA #2, Sheet 5) have internal clock oscillators and 
require only that the external crystal be added. The 
circuitry of the 925 allows the two ACIA's to share one 
crystal, Yl. 

Internal to each ACIA, the basic frequency of 1.8432 megaHertz 
is divieded down by a factor determined by a firmware controlled 
register. ACIA # 2, which is used for receiving keyboard data, 
is always set for 1200 baud (bits per second). ACIA # 1 is 
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shared by the Host Communications port (P3), and the printer 
port ( P4 ) . The baud rate for ACIA # 1 depends on the baud rate 
switch settings for the two ports . 

4.3 

ADDRESS DECODING 

The 65,536 byte address field of the 6502A microprocessor (MPCJ ) 
is divided as follows . The two highest address lines ( Al 4 & 

A15 ) are decoded by a 1 of 4 decoder (half of A3 7 , Sheet 1 ) to 
divide it into four 16,384 ( 16K ) byte sections . The highest 
16K bytes (C000 - FFFF ) are used for program Read Only Memory 

16 16 

( ROM ) . 

The program ROM contains a program which controls the micro- 
processor , causing it to process data fed to it by the Keyboard 
or the host computer . The 16K block is divided further into two 
8,192 ( 8K) byte sections . When the MPU is addressing the higher 
8K bytes , the chip located at A50 is selected . When the MPU is 
addressing the lower 8K bytes , the chip located at A49 is 
selected. 

The next lower 16K bytes , 8000-BFFF is used to access I/O 
devices . This output of A37 is connected to a 1 of 8 decoder 
( A29 , Sheet 1 ) and the other section of A3 7 where , using lower 
order address lines , 12 individual locations are decoded. Each 
I/O device is treated as if it were an individual byte within 
the memory map. 


The output labeled 4000-7FFF from A37 defines the second lowest 
16K clock within the address range. This signal is ' OR 1 ed with 
02 low (A54, Sheet 1 ) to select two 6116 , 2K by 8 bit RAM chips. 
( A47 and A48 , Sheet 2). 

These chips are used to store data to be displayed on the CRT 
(Display RAM). A48 contains data for one screen (page 1 ) and 
A47 the other (page 2). 


The output labeled 0000-3FFF is true ( low) when the MPU is 
addressing any location within that range . It is used to select 
two 2114 , IK X 4 bit RAM chips . These RAMS are used to store 
variable data that is processed by the MPU during program 
execution . ( System RAM ) . 

4.4 

TERMINAL MEMORY 

Memory in the 925 terminal consists of ROM and RAM. As stated 
in Section 4.3, Program (or System) ROM is located within the 
range C000-FFFF. It is further broken down into two 8K byte 
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sections, C000-DFFF and E000-FFFF. Each of these sections is 
represented by a socket capable of accepting a 2K (2048) byte 
ROM, a 4K (4096) byte ROM or an 8K (8192) byte ROM. This 
allows expansion of program ROM from 2K bytes to 16K bytes in 
2K byte increments. Each socket is selected using the C000- 
FFFF output of A37 ' AND ' ed with the high (EOOO-FFF'F ) or low 
(C000-DFFF) condition of address line A13. 

The standard configuration of the 925 is 4K bytes located 
from DOOO-DFFF and another 4K bytes located from F000-FFFF. 

System RAM consists of IK (1024) bytes of static random access 
(read/write) memory. (A41 & 42, Sheet 1). The 0000-3FFF 
output of A37 is used to select these two chips. Since there 
are no other devices located in this section, further decoding 
is not required. System RAM is used as a buffer for characters 
received from and transmitted to the host computer and printer; 
'Flags' used by the program for decision making, and for storing 
the states of various software 'timers'. 

4.5 

DISPLAY FUNDAMENTALS 

The circuitry required to display data on the CRT other than the 
video circuitry , which is covered in Section 4 . 7 is made up of 
three parts ; display memory , character generation memory and the 
CRT controller chip ( A59 , Sheet 2). 

The display memory consists of 4K bytes of high speed static RAM 
( A47 & A48 , Sheet 2). The screen contains 25 rows of 80 
characters each for a total of 2000 characters . Therefore, each 
6116 RAM (2048 bytes each ) is capable of storing an entire screen 
of characters . 

The address lines of the two 6116 's are controlled by the out- 
puts of three 2 to 1 multiplexers ( A56 , A57 & A58 , Sheet 2). The 
sources for the inputs of the multiplexers are the address lines 
of the MPU ( AO-All ) and the memory address outputs of the CRT 
controller (MAO -MAI 0 ) . The multiplexers ' inputs are switched by 
the 01 output to the MPU. This operation allows the CRT con- 
troller memory address lines to drive the display RAM address 
lines when 01 is high, while the MPU address lines are enabled 
during 01 low. The MPU accesses the display RAM to update a 
location due to keyboard input or transmission from the host 
(Write), or to READ a location for transmission to the host 
during a block mode transmit. 

Display memory accesses from the MPU occur while 01 is low. 

Data from the display RAM is gated to and from the main Data 
Bus (D0-D7 lines of the MPU) by a byte wide bi-direction of 01. 
This buffer is selected if the MPU is addressing a location in 
Display RAM. The direction of the data is controlled by the R/W 
signal from the MPU during 02 high. 
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During the high portion of 01 (02 low ) , the CRT controller 
accesses the location specified by its memory address lines. 

The display RAM is always selected during 02 low and the R/w 
line of the display RAM is always high at this time . Because 
of this , any access of display RAM during 02 low will cause a 
read of the location being addressed. This data is latched by 
DC Carry ( A39 , Sheet 3) and used as address lines A3-A9 of the 
character generator ROM ( A31 , Sheet 3). AO , A1 , and A2 address 
lines of the character generator ROM are controlled by the RAO 
RAl , and RA2 lines from the CRT controller. These define which 
line of the 10 line character cell is in effect. The data to 
be displayed for the character and line being addressed is 
loaded into a parallel in/serial out shift register (A30 sheet 
2). During the next eight cycles of the shift clock this data " 
is shifted out one bit at a time and combined with other signals 
to create the video output to the video amplifier in the 
monitor . 

The MPU is capable , using address line All , of writing to or 
reading from any of the 4096 bytes of display RAM. The CRT 
controller can only access a maximum of 2048 bytes ( using 
MA0-MA10 ) . To allow the second page to be displayed (providing 
that a chip is installed in A47 ) , the program, in response to 
an ESC K, sets a bit in one of the control latches labeled 
•Display Page Two' . This connects to the highest order line 
on the CRT controller side of the multiplexers . Thus , when 01 
is high, this bit will be high and A47 will be accessed bv the 
CRT controller . 


4.6 

INTERRUPT SIGNALS 

As mentioned in Section 4.1, the MPU is interrupt driven in 
the 925. An interrupt is an input to the MPU which causes it 
to complete its present instruction, save the contents of its 
internal registers and go to a predetermined location in the 
program. The MPU will respond to an interrupt within a 
maximum of 8 system clock cycles of 4.7 microseconds. 

The 6502A MPU has two interrupt inputs, IRQ and NMI. IRQ is a 
maskable interrupt which can, under program control, be ignored 
UMI is non-maskable interrupt that cannot be ignored by the MPu] 

The Model 925 uses the NMI for interrupts generted by the Key- 
board AC I A ( A33 , Sheet 5). IRQ has two possible sources- the 
communications ACIA (A32 , Sheet 4 ) and the vertical sync’ 
interrupt. The interrupts generated by the ACIA's indicate 
that data has been received or that the transmitter section is 
ready to accept a new character. The vertical sync interrupt 
is used by the program to increment timing registers used to 
keep track of the time of day , blink the cursor , time the bell , 
etc. When an interrupt occurs, the firmware (program ROM) must 
determine which source caused the interrupt and act accordingly . 
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4.7 


VIDEO GENERATION 

Control signals for the CRT monitor are generated by the CRT 
controller, the attribute logic and the shift register mentioned 
in Sectin 4.5. 

The CRT controller produces vertical sync, horizontal sync, 
.display enable and cursor signals. Horizontal and vertical sync 
are buffered and sent directly to the monitor. Display enable 
and cursor are used along with the attributes and serial data 
from the shift register to produce the video signal for the 
monitor . 

Because of the character address latch (A39, Sheet 2), the 
character generator ROM, and the shift register, it takes two 
character clock times for a character addressed by the CRT 
controller to be displayed on the screen. The display enable 
and cursor signals simultaneously with the memory address co- 
inciding with the position on the screen. Because of this the 
cursor and display enable signals must be delayed by two 
character clock times . This is accomplished by a hex D flip- 
flop ( A22 , Sheet 4). 

The remaining two stages are used to provide a 1 character 
time delay for the attribute signal and half intensity signal 
( an additional delay is provided by the character address latch ) . 

The 925 visual attributes are achieved in the following manner: 

The high order bit coming out of the character address latch 
(Chad 7 ) is used to indicate a protected ( half intensity ) 
character . This is the only attribute which is done on a 
character by character basis . The remaining four attributes , 
blinking , blank (hidden characters ) , reverse video and under- 
line , are produced by special characters written into the 
display RAM by the firmware in response to a special 3 
character sequence. ( See operators manual ) . These special 
characters are decoded to provide a signal labeled 'Attribute' 
(see pin 4 of A22, Sheet 3). This signal is used to gate DC 
Carry to the data input of a 'D' flip-flop (pin 2 of Al, Sheet 
3) which is clocked on the rising edge of shift clock while 
DC Carry is low. As long as the character in the character 
address latch is an attribute character , the data input will be 
low when the flip-flop is clocked. This keeps the 'Q' output 
low, enabling the outputs of one of three quad tri-state 
latches ( A19 , Sheet 3). This latch is used to carry the 
existing attributes through a new attribute character, and its 
outputs are used only during the time that an attribute character 
is being displayed. (An attribute character is displayed as a 
half intensity blank). As soon As a non-attribute character is 
decoded, the 'Q' output of the D flip-flop (pin 5 of Al ) is 
clocked high, disabling the outputs of A19. At the same time, 

Q output (pin 6) goes low. This is connected to one of the 


5 



output enable inputs of another quad tri-state latch ( A20 ) . 

The other output enable input of A20 is controlled by the Q 
output of another D flip-flop (pin 8 of Al ) that goes low 
approximately 35 nanoseconds after pin 6 of Al . This operation 
ensures that the outputs of only one of the latches are active 
at any given time . 

The purpose of the second latch is to contain the most recent 
attributes on the present scan line . The third quad tri-state 
latch ( A21 ) is used to remember the last attribute character 
encountered. Unlike the first two latches , which are reset 
by horizontal sync (once each scan line ) the third latch is 
reset only once each frame by vertical sync. In this manner , 
the attributes are allowed to continue from one character row 
to another . The outputs of this third latch are enabled when 
both D flip-flops mentioned earlier are reset (Q outputs low) . 
The time during which these outputs are enabled is defined as ; 
from the beginning of a new character row that was preceded by 
a character row containing an attribute character ; until a new 
attribute character is found , i .e . , if the only attribute 
character is character number 62 on character row 10 , the out- 
puts of A21 will be enabled at the start of character row 11 
and remain enabled until the end of the frame ( vertical sync ) . 

The attribute signals , underline , reverse video , blink and 
blank , are combined with other signals pertinent to the video 
output ( see upper left side of sheet 4), to create a stream of 
pulses used by the video amplifier to control the electron 
beam within the CRT. 


4.8 

COMMUNICATIONS 

Data from the Keyboard is received via a standard RJll connector 
located on the rear of the board. ACIA # 2 ( A33 , Sheet 5 ) is 
used to convert the serial data into parallel form. When the 
ACIA receives a character , it interrupts the MPU via the NMI 
input . The MPU , during the NMI routine , reads the contents of 
the receive buffer of the ACIA. The keyclick is produced 
automatically by the hardware , requiring no firmware overhead. 

The IRQ output of the ACIA also connects to the trigger input 
of a simple one-shot circuit used to produce a pulse which drives 
the speaker located in the Keyborad ( see lower left section of 
sheet 5 ) . 

The terminal connects to the host computer through P3 ( sheet 5 ) 
which is a standard 25 pin D type connector located on the rear 
of the board. In half or full duplex , ( conversational ) mode, 
data is sent to the host one character at a time as it is typed 
on the keyboard . In block mode , data is not sent to the host 
unless a send command of some sort is entered on the keyboard. 
These modes of data transmission are completely under control of 
the firmware. 
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The 925 also has a separate connector which can be connected to 
a printer with a serial communications port. The connector for 
the printer port is P4 . Data sent to the printer can come from 
two selectable sources; the host computer or the terminal screen 
(display RAM). To enable data from the Host to the printer, the 
control latch output labeled 'EXTENSION' is used. This gates 
data received on P3 pin 3 to P4 pin 3 via or gate A26 (pins 
4,5,6). It also allows two possible control lines, DTR (P4-20) 
and Handshake (P4-11 ) to go to the host. 


Another control latch output labeled 'BI-DIR ' allows data from 
the printer (P4-2) to be sent to the host (P3-2). Data from the 
printer is not received by the 925 terminal. 

During transmission from the host to the printer , the screen may 
( normal ) or may not ( transparent ) be updated . Another mode of 
printer operation is page print. In this mode , text is entered 
on the screen ( either page or display RAM ) and , when the desired 
text is entered and properly edited , the data can be sent to the 
printer by depressing the ' PRINT ' key . The data on the screen 
will be sent to the printer from the ' HOME ' position to the 
cursor position . During page print , the data is not sent to the 
host . This is done by disabling the data to the host through 
another gate ( A26 pin 8,9,10). 
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mAzg^i I 

8 ft pS vcc R/w 9 

T A0 D«S — 


-f-M A33 

-f/te 6116 

-f A6 

T3 A7 
4|A8 

-tI a ? 

A 10 

GkID C 


attribute 


74LS04 


74-LS08 


VCC CLK 
-D0 Q0 

■ 87 <P7 

'!?!- A/8 gj- 


-4: \6 9 A30b^ 

C A30)c>-ci_y 

Aj_^LS3Z 74LS3Z 


HORIZ. CYKJCE? 


DISP EKJ 

CURSOR 

1L7SVNC 


CHAD Z 
CHAD7 



r 














* 




L6 ; 





Q5 




1^ 


Qg “7 


RP 3S 
4.7f(?g 

2i r 74i 

cj csl VCC 1 9 

4 A3 C$4- 

3 A4 Dl Jfj- 
-~A5 D2 

4^6 D3-g~ 

— L A7 DA 4±_ 

■§A8 A/7 g| JS_ 
— A9 2332 Dfe -jC 

19 D7 11 - 

-42. Al° 

2S. All 


-A0 
- Al 

-AZ- 

GNJD CS2 

l?l 20 V 


TT 

msvtrcp 

8$ 


Dl 

<5H 

D2 

D3 

A/2 

§1 

741SI& 

D6 


D7 


1 gn&os Cfc | 


DOT SERIAL 


PAGE Z SEL 


— D7 17 
OE D/ 


RAP 
RA' " 
RA2 " 

GND 




APPLICATION (UNLESS OTHERWISE MOTED 

NEXT ASSY | USEOON DIMENSIONS ARE IN 



1 SCALE: fiJ0rt£ 
- MATERIAL 

~i 8 


'Bkoeo/tf-poz 


Ip Tel^Wideo?lnc. 53 % 


PCB SCHEMATIC 


ZOI^SOi 













5 


SHZ 


SMI 


SHZ 


SH I 


:M£ 


SH 


SHG" 


SHI 


MORI Z. SYNC 


5YS REST 


cursor 




J1 


DISP EM 


VEfrT S^NC 


R / W 

29 

<P\ 

34 

4 Z 

31 

BUNK CLOCK 


lo 

BOW/ WOB 


9 

CURSOR 7 BLOCK 


16 

CHAD 7 


14 

RA 3 


22 

RA 0 


21 

RA l 


Z4 

RAZ 


25 

CHAvD 3 


Z 

CHAD Z 


3 

CHAD 1 


39 

CHAD <& 


38 


DOTS SERIAL 


9ZS/920 ATTS 


PAGE Z SEL 


PC CARRY., 


SHIFT CLOCK 


SET DISP RAM 


ATTRIBUTE 


LIME/ PAGE AT~T R \ BOTES 


AI3 


NA_ 


MS 


A# 


AIZ 


/2 




M 


'036 

74-LS04 


f\35^pA- 


74LSOO 


SHfcL 


CHAR CLK 


4-5V 

3k 


HSYKT. V HP 


SYS.RST 
CURSOR IN 
DISP EM. 
VERT. SYNC 
R/W 

kzM 

02 


vss 


ft 


PG.ONE 


PS.TWO 


DISRRAM 


BLIN K CLK 
BOW/WOB 
(CURSOR =BLOCk 


02 -W 

ROW 10 


VIDEO 


RAB A39 
RA 0 SATE 
ARRAY 

70200 -IIA 


halt Ml 

COMP.VID 


RAI 
RA2 
CHAO 3 

CHAD 2 
(CHADI 


9/0/923- 


40 


% 

^DCcgjfRATT. 


m 


27 


33 






.36 


Z3 


zo 


"TSV 


>K4 

>4.7 K 


/7 


18 


IZ 


J4 


/3 


IS, 


4SV 


IA 

IB 

2A 

2B 


VCC 


z X0 y 

zyi y 


ZY2 P 


^ZG 


A38 2 Y3 o 
IY3 y 
IYZP 
74LSIZ3 I Y I 
— IY cfi 

IG GND 

T 


8 


jz 


10 


5 


2 


1 


ZONE 

LTR 

DESCRIPTION 

DATE 

APPROVED 



SEE. SMELT 1 - 'Z 




NOR 1 SYNC 



D 


C 


B 



ro 

o 

V3l 

CD 

O 



VERT SYNC/IRQ _ , , 

oM I 

%6>0&€>/4-0C>Z 


APPLICATION 

UNLESS OTHERWISE NOTED 

DIMENSIONS ARE IN 

°" M HJW i-14-et 

NEXT ASSY 

USED ON 




ANG 

2 PLC 

3 PLC 





1 

t 

1 ’ 

i 

APPO 



APPO 



SCALE 



APPO 



MATERIAL 

1 

FINISH 


l§| TeleVideo'Inc. s/J - 


TITLE 

PCB SCHEMATIC 
COMT BD 92 1 ? G/A 


iiie 

sht3_ 
of P 

fe^AWIMd NO 

"Ifv- 

o 

aoi^soi 

«3 


1 


A 






-F5V 


REVISIONS 


DATE APPROVED 


RTS 

HSHAKE 

TEST 

DSR 1< 

DTR 

EXTENSION 


E5 

-O 

EG E7 


E6 E5 

o r> 

4 

tv— o 5 

10 

°53° 

E JO Ell 

13 



+5V £> 

ss 

£^frl2 

13 


DTR 

RI- DIRECTIONAL 
PAGE PRINT 


EEL ACIA C8X3X} 

r/w - : 


KYBD APIA L 8 X 6 X^ 


SYS RESET 


T 33 Opf 

yfjiooJ 


RC 

A\ 

7SI8SftC 


RXD ? 

4 

-RX p I 

SERIAL LATA FROM PRINTER 

1 


vcC 



RC 

AZ 


75189 

RC 


RC 


RC 

I GND | 


74LS0B 


RP3 
*4.7 K I 




eg jTcT" G 8 

: 330 PF 7 : 330 PF ± 330 EF Z^f 0 PF 

» IQQV X IQOV X IQOVT ,oov 


— n 

i < 

uH 

1 

S 

> S 

> > 

H-j 

12 , 


D 8 


°9 


0 6 


3 5 


3 3 


3 z 



4.7 K I 

3 ! 


c 7 T c 3 I c 5 
: 330 PF- L 330 Pf_B' 30 PFI 
. IQOV T *00 V T IQOV/ 


1 A3 1 S£E. SHEET \ 

H SHAKE 

TEST 


„ RP4 ,, 

: 47K WSL 


jb_ A 35 

^ 9 (”f~ 'N 

10 A24 


. „ 74 S 04 


74LS32 

Y® — 

/74LS32 


10 







V 

18 - 

HSHAKE 

9 




7 

r /3 




Mh 

C 14 



A 16^0— 

II . 

..I’t&T ... DSR s 

11 






4 




HH 

CI3 

330 pf 


~1 

V 

6 . ■ 

foov K DCD 

5 

i 




_ A 

’ ^ CTS . 

2 


Ho 

3 

1 — 1 1 — ' 



lY° 

75188 


T7 ^ 

330 pf 


2c 

YYo s. 




^T~YlLr i ' 

jj A 30 > 4 _ 5 . 
74 LS 3 Z 

12 


El 5 EIR 


74LS04 


^ LS5Z 


,q E 

-Sc dcd c 

— RXD 

- 5 ttC rar acia*i 

— K' W 655 IA-I 

— ry 7 > £ 

-S- RS0 
IS ' TDTj — ) ''-C 

-rfgf ^"T- 

~2tr £ ' RXL ^ 

zr “I XTALI -2 

=HT! 

=^oi XTAL2 — 1 

— D7 teT GND 

J - / ri ? 

loK 


3 n “ 

1 E 32 12 A 24 ^)o^ 

Y T- ^ 74 LS 32 


v_ 

— i 

E 14 - 

n T . 

T 

— ^ 7 

CIO 1 1 

330 pf 

1 °(V tkd 

/ 

\ 

8 

1 

L|H 

r , 7 ' TXD NAODEKA ) 

* 330 pF 

100 V SERIAL DATA TO PRINTER v 

Y 

3. 



CIS 

► 330 pF RTc; 

IDOV RTb 


CIG 
1 330pF 
Dioov 


IRQ ( AGTM 
_ RXC 


y! l 

OPTIONAL^ 

rt — -t-c 


i Yl 

] 1 . 8432 I' 


lL 

-§y 4^ 

-a- 7 

-}4. RSI XTAL7-4— - 

±Sf Ro#- 

-ir- dz RXC -2- 

— =o csi dcd 
, 9 DSR O^-i 

RXP 

RST GND 

# if 


^Jcqg 


' » Vj * ° 
OPTIONAL^ 


< P/0-5 
• P/0-7 / 10 
■ SH I 
► P 6 -IZ 
. P/O 73 


iMl 

HI 


APPLICATION 
NEXT ASSY I USEO ON 


DWNH.^ur/ 7 /- *Z 



3i>ooO/4-(?0Z 


Televideoflnc. T 


ITLE 

PCB SCHEMATIC 
COMT BD 92T G(f\ 


5 


1 












5 


SH I 
SH I 
SHI 
SH3 
SH3 


DIP SWITCH 

PORT 45 

DIPSWITCH 

PORT * 4 - 

DIPSWITCH 

PORT #3 

DIPSWITCH 

PORT *Z 

DIPSWITCH 

PORT *1 



4 











( 


5 


1 


SHIFT CLOCK. 


XTAL 

I3.608MH7. C3 

— iQl Ih 


74S04 


10 pf 

330 

50V 

R26 


[lbk 

R28 

\ A A 

1 ir^ 

4-70 LC 


SVS RESET 

CONTROL LATCH#! 
CONTROL LATCH *2. 


D0 . i 

3 : 

m - 1 


..... ^ 

DZ . 1 



. 7 

03 1 




8 , 

D4 .. : 





« 

i 






14 

dg 







17 









. 16 









— 

3 

4 

1 

Q 


D0 O0 
D» Q\ 
DZ A26 QZ 
D3 7 ^ ?7 fe 

|D4 Q4 


IT — 

9 

IZ 

15 

16 

— i 


IS 





TIMEQUT BLANK 


ROW 10 

SPEAKER (FROM INTERNAL MODEM ) 


VIDEO 


U!\ LL) 

15 

A25 lu 
74LSI63 
OA 

14 - 

OR 

13 

Cyu 

QC 

IZ 

QD 

GND 

II 


Z 


5 


6 


9 


IZ 


15 


16 


19 



74LS3Z 


A40 U^LS04- 

bPV 0 -% — > 

nx74-S04 4 A37 


A 40 

^74^04- 


74LS06 


74LS00 


>R24>R22 
>330 >330 


Jj6$\ 

— ILV 


2N44-0I 


'74LSDS 


l A42^ k- 

^-L53Z 

+1F 


ZONE 

LTR 

DESCRIPTION 

DATE 

APPROVED 


A3 

SEE SHEET \ 4^ 

- 



-SH 2>3 


SET LISP RAM 


CHAR CLK 


CHAR CLK 


PAGE PR\MT 
BLINK CLOCK 
CURSOR * BLOCK 
SPARE 
925/920 ATT5 
BI-DIRECTIONAL 
EXTENSION 
CPU RESET 



CO 
330 pf 
100V 


■ SH 3 

• SH4 
. SH4 

• ( NOT USED 


MONITOR MODE 
DTR 


BOW/WQB 
DISPLY PAGE Z 



P3-i z: 

P 3 - 24 -] 
P6 -// : 
p 6 -4- : 


PXUT 
RXD- 
TXD-F 
TXD - 


► PC -I 5 ( SFE NOTE S') | 

► P6 ~0 ( SEE NOTE 5^)1 comm 

► P3-2S K OPTIONAL ^ Q 

► P3-13 J 


CHASSIS GND 



VIDEO SHIELD GND 


LOGIC GND 


HALF INTENSITY 
COMPOSITE VIDEO 


A3 1 

'7 A 06 


JQI 

2N440I 


COMP V + TTL VIDEO 


UNLESS OTHERWISE NOTED OWN (H . |- 25 - 82 

DIMENSIONS ARE IN CHK 


"] SCALE : 
"IMATERIAL 


BloOoOW-OOZ. 

0 TeleVtdeoflnc. 

riTLE - 

PCB SCHEMATIC 
COKIT BD dZ'y 6 /A 


7 


5 


3 












C28 POLARITY 























c 


( 


c 




QTY PER ASSM/REV LEV '.E 



19 

2 

20 

1 


reference/ 

DliS I C.NATOR 



A47 


A6 


A59 


A32 ,33 


A3, 28, 55 


A4 


A16 


A27 ,35 


A5 


A10 ,13 ,18 ,54 


A2 


All ,12 ,14 ,23 ,26 , 


36,38 


A1 , 6 


A15 



PCB ASSY 925 CONTROL BOARD 


NOMEN CEATUR !; / DiiSCR 1 PT I ON 


PART NUMBER/REMARKS 



IC 6116 



IC 6502A Micro 

2049600 

IC CR Contr SY6545A/A 

2052800 

IC SY6551A/-1 UART 2 MHz 

2053000 

IC 74LS00 

2024200 

IC 74LS02 

2041600 

IC 7 4 S 0 4 

2024600 

IC 74LS04 

2024800 

IC 7406 

2034800 

IC 74LS08 

2025200 

IC 74LS10 

2025400 

IC 74LS32 

2025800 



IC 74LS74 

2026600 

IC 74LS86 

2026800 


DATE 



1-14-83 


e 






























































































s 


nffiH 

9 

QTY PER ASSM/REV LEVEE 

REFERENCE/ 

DESIGNATOR 

B 









21 

1 









A29 

22 

1 









A37 

2 3- 

3 







■ 

m 

Hi 

A56-58 

24 

1 




■ 

| 


u 

Hi 

mmamm 

25 

1 



|| 

■ 

Hi 

I 



A30 

26 

3 









A19-21 

27 

1 

■ 

■ 







mammm 

28 

4 




■ 

■ 

■ 

m 

■ 


29 

1 






M 




30 

2 










31 

1 









A39 

32 

2 









A25 ,34 

33 

2 









A9 ,17 

34 











35 












1 









R19 

37 

1 









R2 

38 

1 









R3 

39 

1 

■ 

■ 

!■ 






R8 

40 

4 









R15 ,24-26 

41 

Li 










R13 


NOTIiS : 


PCB ASSY 925 CONTROL BOARD 


PART NUMBER /REMARKS 


NOMENCLATURE/UESCR I PTION 


IC 74LS138 
IC 74LS139 
IC 74LS157 
IC 74LS163 
IC 74LS166 
IC 74LS173 
IC 74LS174 
IC 74LS244 
IC 74LS245 
IC 74LS273 
IC 74LS374 
IC 75188N 
IC 75189AN 


2041000 

2027200 

2027400 

2027600 

2027800 

2028000 

2028200 

2044200 

2036200 

2037600 

2029000 

2029200 

2029400 


Res CF 1M Ohm 1/4W 5% 
Res CF 22 Ohm 1/4W 5 % 
Res CF 68 Ohm 1/4W 51 
Res CF 270 Ohm 1/4W 5 
Res CF 330 Ohm 1/4W 5 
Res CF 470 Ohm 1/4W 5 


2031500 

2033500 

2051100 

2051300 

2051500 

2051700 


T 


DATE. 


1-14-83 


ft/MeVideo Systems, Inc. 



































































































PCB ASSY 925 CONTROL BOARD 


NOMHNCLATURH/DESCR I PT I ON 


PART NUMBER/REMARKS 




Res CF 750 Ohm 1/4W 53 

2031700 

Res CF 1000 Ohm 1/4W 51 

2052100 

Res CF 1800 Ohm 1/4W 52 

2052300 



Res CF 4700 Ohm 1/41V 5% 

2053100 



Res CF 47K Ohm 1/4W 52 

2033700 

Res CF 5 1 K Ohm 1/4W 52 

2032300 





Res Pk 4.7K Ohm 10P SIP 

2041300 





Cap Cer .Oluf 16V 202 

2028700 







Cap Mono .Oluf 50V 102 

2028900 

Cap Elec luf 16V 102 

2027900 

Cap T ant 4 . 7uf 16V 102 

2027500 

Cap Elec lOuf 16V 202 

2027300 

1 T" 


date; 


1-14-83 


ftltleVideo Systems, Inc. 







































































QTY PER ASSM/REV LEVEE 


REFERENCE/ 

DESIGNATOR 


C56-58 


C18 


C8-13, 20-23, 62 


70 


NOMENCLATURE 

/DESCRIPTION 

Cap 

Elec 

22uf 

15V 

Cap 

Mica 

lOpf 


Cap 

Cer 

330pf 

50V 201 


Cap Tant lOuf 25V 101 


Ql,2 


Tran 2N4401 NPN/Silicon 




CR1 ,2 

Diode IN914 

R20 

Res CF 3300 Ohm 1/4W 51 


75 

3 









SI - 3 

Switch 10P DIP/20P Side Adj 

76 

5 









A31-47-50 

Socket 24P IC DIP 

77 

2 








|| 

A59 , 60 

Socket 40P IC DIP 

78 

l_L 

1 

1 



1 

l 


H 


Socket 28P IC DIP 


2029100 


2027100 



2047500 


2052700 



2045500 



2 









Y1 , 5 

Cry 1.8432 MHz 

2098602 

1 









Y2 

Cry 13.6080 MHz 

2098605 





2098401 


2098402 


2098 




TITLE 


PCB ASSY 925 CONTROL BOARD 


DA it; 


1-14-83 


ft TfeleVideo Systems, Inc, 












































































QTY PER ASSM/REV LEVE 


REFERENCE;/ 

DESIGNATOR 

NOMENCLATURE / III; SC R I PT ION 

A41 ,42 

Socket 18P IC DIP 


P3 ,4 


PI 


P2 ,5 


A5 0 


A49 


Conn 25P PCB D-Sub Fem 


Jll Fern (AMP) 


Plug 5P STR Waf 


IC 2732 EPROM Sys Pro 925 


IC 2732 EPROM Sys Prog 925 


PART NUMBER/REMARKS 


20 


2097800 


2097900 


2098802 


03: 


000033 



DATE 


PCB ASSY 925 CONTROL BOARD 


1-14-83 


4&/IkleVideo Systems, Inc. 









































QTY PliR ASSM/REV LEVI; 



REFERENCE/ 
DCS I GNATOR 


NOMENCLATURE/DHSCR I FT I ON 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 





All 


A28 


A4 ,5 


A39 


A15 


A32 


A17 


A9 , 10 


A35 


A4 0 


A36 


A8 ,37 


A24 ,30,42 ,43 


A7 


IC 

6502A Micro 


IC 

CR Contr SY6545A/A 


IC 

SY6551A/-1 UART 2 MHz 

IC 

Gate Array 910/925 


IC 

2732 EPROM Sys Pro 

925 

IC 

2732 EPROM Sys Pro 

925 

IC 

6116 RAM 150ns 


IC 

ROM Char Gen 910 


IC 

2114ICB RAM 


IC 

74LS00 


IC 

74S04 


1C 

74LS04 


IC 

74LS08 


IC 

74LS32 


IC 

74LS74 



2052800 


2053000 


2057400 


8 


8000033 


2049200 


6 


2035800 


2 


20246 


2024800 


2025200 


2025800 


2026600 



TITI.Ii 


PCB ASSY 925 GATE ARRAY CONTROL BOARD 


date 


1-14-83 


ft.TfeleVideo Systems, Inc. 



















































































QTY I’liR ASSM/REV LEVEI 


RliMIliliNCl:/ 

DESIGNATOR 


A3 8 


A20-22 


A12 


A1 8 


A16 ,23 



R7 ,11 ,16 


NON! I : .N C L ATU RE/DES C R I PT I ON 


IC 74LS139 


IC 74LS157 


IC 74LS166 


IC 74LS374 


IC 75188N 


IC 75189AN 


IC NE555 


74 


IC 74LS245 


IC 74LS273 


IC 74LS138 


IC 74LS244 


IC 7 4 LSI 63 



PART NUMB HR /REMARKS 


2027200 


2027400 


2 


2 


2029200 


2029400 


2030200 


2034800 


2036200 


2037600 


2041000 


2044200 


2027600 


Res 

CE 

33 Ohm 1/4W 51 

Res 

CF 

270 

Ohm 1/4W 5 % 

Res 

CF 

330 

Ohm 1/4W 51 

Res 

CF 

470 

Ohm 1/4W 51 

Res 

CF 

1000 

i Ohm 1/4 IV 51 


2034500 


2051300 


2051500 


2051700 


2052100 



TITLE 


PCB ASSY 925 GATE ARRAY CONTROL BOARD 


1-14-83 


ft/MeVideo Systems, Inc. 


























































































title 


PCB ASSY 925 GATE ARRAY CONTROL BOARD 


NOMENCLATURE/DESCR I I’T 1 ON 



Res CF 


Res CF 


Res CF 


Res CF 


Res CF 


Res CF 


Res CF 


Res CF 


1800 Ohm 1/4W 5% 


3300 Ohm 1/4W 5% 


4700 Ohm 1/4W 5% 


1M Ohm 1/4W 5 % 


750 Ohm 1/4W 5% 


5 1 K Ohm 1/4W 5% 


22 Ohm 1/4W 5% 


47K Ohm 1/4W 5% 


Res CF 10K Ohm 1/4W 5 % 


Res Pk 4 . 7K Ohm 10P SIP 


2052300 


2052700 


2053100 


2031500 


2031700 


2032300 


2033500 


2033700 



2034100 


2041300 


Caj 

5 Tant lOuf 25V 10% 

2027100 

Caj 

3 Mica lOpf 

2024100 

Caj 

) Elec 22uf 15V 

2025700 

Cai 

3 Elec lOuf 16V 20% 

2027300 

Caj 

3 Tant 4.7uf 16V 10% 

2027500 

Caj 

3 Elec luf 16V 10% 

2027900 

Ca{ 

3 Cer . 0 luf 16V 20% 

2028700 

























































































jpgSI 

DM 


QTY PER ASSM/RE.V 

level 

REFERENCE/ 

DESIGNATOR 

A 









64 

1 









C2 7 

65 

m 









Cl-17 ,19 

66 

i 









C29 

67 






















IS 

2 










Q| 

2 









Ql,2 

71 

2 









Y1 ,3 

72 

1 









Y2 

73 











74 











75 











76 











77 











78 

3 










79 







! 




80 











81 

2 








Ml 


82 

5 









XA14 ,15 ,17 ,32 

83 

3 








■ 

XA11 ,28,39 

!!■ 

2 



— 1 








NOTES : 


PCB ASSY 925 GATE ARRAY CONTROL BOARD 


TITLE 


NOMENCLATURE/DESCRI PTION 


PART NUMBER/REMARKS 




■ ■ 

2028900 


Cap Mono 330pf 100V 20% 

2029300 


Cap Cer . luf 50V 101 

2030100 









2047500 


Tran 2N4401 NPN/Silicon 

2045500 


Cry 1.8432 MHz 

2098602 


Cry 13.6080 MHz 

2098605 












' -1 





Switch 10P DIP/20P Side Adj 

2096800 





/ 



Socket 18P IC DIP 

2098400 

,33 

Socket 24 P IC DIP 

2098401 


Socket 4 OP IC DIP 

2098402 


Socket 28P IC DIP 

2098404 















































































QTY PER ASSM/REV LEVI I. 


REI ; ERENCE/ 

DESIGNATOR 

NOMENCLATURE/DESCRI PTION 

XP6 

Socket 16P IC DIP 


89 

1 

90 

2 

91 

1 


P3 .4 




Conn 25P PCB D-Sub Fem 


Conn PCB RJ11 Fem (AMP) 




ART NUMBER/REMARKS 


2098405 



2097800 


2097900 


2098802 


2098800 



title 


PCB ASSY 925 GATE ARRAY CONTROL BOARD 


1-14-83 


$MfeleVideo Systems, Inc. 
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TeleVideo Systems, Inc. 
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1. ARCHITECTURE OVERVIEW 


The terminal's circuitry Is composed of the major functional blocks as 
shown In Figure 1.1. 

FIGURE 1.1: SYSTEM BLOCK DIAGRAM 


DISPLAY 


KEYBOARD* H (INTERFACE) 







The CPU has control over all functional sections of the terminal via a 
data/address bus and additional control lines. The Display and Coomuni- 
cation sections have some circuitry that runs independently of the CPU. 

The Display section refreshes the video continuously, automatically. 

The Communication section can send and receive words at the serial level 
without CPU intervention. 

The CPU is the Intel 8035. (See Appendix A, 8035 Specification) The 
bussed expansion capability of the CPU is used in order to provide external 
program memory, data read/write memory, display memory, and memory-mapped 
I/O. 

Depending on firmware requirements 2K or 4K bytes of external program 
ROM can be accommodated . (Instead of the 8035, it is possible to use 
an 8048 or 8049 CPU, thus IK bytes or 2K bytes, respectively, of external 
program ROM memory can be omitted. ) 

In addition to the internal data memory of the CPU, there is a 256 x 8 
Data RAM (two 2111' s) external to the CPU that is usable as read/write 
storage by the firmware. 

The characters being displayed on the screen are accessed by the CPU 
via two 2K-byte blocks of read/write memory (RAM). This memory is on the 
same external data/ address bus as the 256 x 8 Data RAM and is accessed in a 
similar manner . In addition to the normal read/write control lines, the 
Display RAM requires that the address multiplexing logic be properly 
controlled by the CPU for transfers to/from the display RAM. 

The I/O signal lines on the CPU chip that are not used for the expansion 
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data/ address bus, are used for various control and status functions . 

Additional I/O data, control, and status ports are gained by use of the 
expansion bus. Part of the data expansion addresses are used to implement 
these Input and Output capabilities. (This is known as memory-mapped I/O.) 
Thus, these I/O ports are treated by firmware in a manner similar to the 
RAM accesses , but are used for I/O transfers . 

Via the I/O (direct and memory-mapped) the CPU Interfaces to: 

( 1) the CRT chip and other display circuitry 

(2) the UART and other communication circuitry 
and (3) the keyboard. 

The display I/O gives the CPU control over the CRT chip (including initializing 
the CRT chip, reading/ writing the cursor position, and scrolling) and some 
video display circuitry (including a FORCE BLANK control) . 

Once initialized the CRT chip and other display circuitry can automatically 
perform the continuous refreshing required of the CRT by generating the 
video, horizontal sync, and vertical sync signals required by the CRT. 

The communication I/O gives the CPU control over the UART chip (including 
initializing the UART' s mode and sending/receiving characters on the word 
level) and some other communication circuitry (including printer port 
control, BREAK control, and control over the RS232 ' ready' and 'clear' 
types of signals. 

Once initialized the UART chip and other communication circuitry 
automatically perform the parallel-to-serial , serial-to-parallel, and 
signal level conversions required for the serial interfaces. 
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The Keyboard I/O allows the CPU and its firmware to scan the switch matrix 
that Is connected to the keyboard connector. 

A clock generator provides the CRT chip with the exact clock frequency 
required. Additionally, frequencies are tapped off for use by the CPU 
and the communication baud rate generator . 

Accessable switches and Jumpers allow the user to select many options 
and configurations . 

Operation of the above system capabilities is described in more 
detail in the following sections . Page references are to the schematics 
of this terminal controller module. 
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2. OPERATION OF THE CPU INTERFACES 

The CPU is the center of control in this terminal (system) . This section 
describes the CPU, the expansion bus, and the interfaces used to control 
the other parts of the system. Sections 2. 1 through 2.4 provides most 
of the information required by the firmware programmer in order to control 
the system. 

2.1 CPU 

The CPU (Central Processing Unit) is the 8035 (A54, schematic page 1). 

It is the Intel "Single Chip Computer", containing control circuitry for 
program execution, as well as program registers , read/write memory, and 
I/O ports . The 8035, a member of the 8048 family of single chip computers, 
is the version which does not contain the program ROM memory internally. The 
system could, if desired, use an 8048 or 8748 (each of which has IK bytes of 
internal program memory) or an 8049 (which has 2K bytes of internal program 
memory) . Using these devices can eliminate the need for all or part of the 
external program memory (A49 and A50, page 2) . The exact configuration is an 
implementation and cost trade-off decision. When using internal program mem- 
ory the EA (External Access) pin must be grounded by installing jumper W1 (page 1) . 

Appendix A contains the current 8035/8048/ 8748/ 8049 specification. 

CLOCK: The CPU clock is the +6MHz (5.9535 MHz, more precisely) signal as 
produced by the clock generator (page 4) . (See Section 5.1.) It is con- 
nected to the CPU XI pin (A54-2, page 1) . X2 requires no connection. 

RESET: CPU power-up reset is effected in the normal manner by connecting 

the l^tF capacitor (Cl) to CPU pin 4 (RESET, A54-4, page 1) and to ground. 

A resistor, internal to the CPU, provides the RC time constant. 
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ALE: The Address Latch Enable (ALE, A54-11, page 1) signal occurs once 
during each CPU cycle (every 2.5^sec.) . This occurs during every 
internal CPU cycle as well as every external CPU cycle. There are two types 
of external cycles : instruction fetch and data read/write . ALE is used 
for both in order to latch the 8 lower address bits . 


PSEN: Following ALE, for each external instruction fetch, the Program Store 

Enable (PSEN, A54-9, page 1) signal occurs, see Figure 2.1. This causes 
a byte to be read from the program ROM (see Section 2.3.1 and 4.1). 


FIGURE 2.1: INSTRUCTION FETCH FROM EXTERNAL PROGRAM MEMORY 



(See Appendix A 
for AC/ DC 
characteristics . ) 


RD and WR: Following ALE, for each external data read/write, either 
the BUS read (RD, A54-8, page 1) or the BUS write (WR, A54- 10, page 1) 
signal occurs . This causes a byte to be either read from external data 
memory or written to external data memory, see Figure 2.2. 


FIGURE 2.2: 

READ FROM EXTERNAL DATA MEMORY WRITE TO EXTERNAL DATA MEMORY 



(See Appendix A for AC/DC Characteristics .) 
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This system uses these read/write cycles to perform external accesses 
to Data RAM (Section 2.3.2) , Display RAM (Section 2.3.3), and memory 
mapped I/O (Section 2.4). 

All other CPU signals are used as bus or I/O signals. They are described 
in other sections of this document : 


A54 


PIN NAME 

PIN NUMBER 

SIGNAL 

Section 

DB0— > DB7 

12 -* 19 

Data Bus 

2.2 

P20-*P23 

21— *24 

Address Signals (4MSBS) 

2.2.2 

P24 

35 

44Hz FLASHER 

2.4.1 

P25 

36 

-DCR 

2.4.2 

P26 

37 

-PTR RDY 

2.4.2 

P27 

38 

-HALF DUPLEX 

2.4.2 

I NT 

6 

-VSYNC 

2.4.1 

T1 

39 

-ADV BLANK 

2.4.1 

T0 

1 

-CTS 

2.4.2 



/keyboard 


Pl0-> P17 

27-* 34 

\ CONNECTOR PI- 8— *15 

2.4.3 

PROG 

25 

-RESETUART 

2.4.2 


Figure 2.2.1 CPU Signals 


2.2 BUS 

During the external CPU cycles described in Section 2.1, the Data/Address 
bus signal lines carry the address information to the external components 
and the data information to or from those components . 

2.2.1 DATA 

The eight data lines +DB0 through +DB7 carry the data between the CPU pins 
(A54-12-*19, page 1) and all of the external memory and I/O devices (pages 
1 through 4) . Additionally, during ALE, data lines provide the eight 
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least significant address signals to the D inputs of the address latch 
(74LS373, A51, page 1). (See timing in Figures 2.1 and 2.2). The data 
lines are pulled up to provide adequate high drive characteristics . 


2.2.2 ADDRESS 

There are twelve address lines, +A0 through +A11, used to address the 
memories and memory mapped I/O. The eight least significant address 
bits are latched (in 74LS373, A51, page 1) during ALE. The outputs of 
this latch provide +A0 through A7, all of which are used by the memories 
on pages 2 and 3. The four most significant address bits are provided by 
the CPU via the output pins P20-**P23 (A54 - 21™**24) for +A8, +A9, 4A10, 
and +A11. Four 74LS04 inverters (of A67) buffer +A11 and -KA10, which 
are used for memory and memory-mapped I/O selection. 

All twelve Address lines go to the program ROMs (A49 and A50) on page 2. 
(See Section 2.3.1.) 

The data' s address space is used by the RAMs and the memory mapped I/O. 
When 4A11 is high +A0 through +A10 address the display RAM, page 3, see 
Section 2.3.3. When +A11 is low, and 4A10 is low, then 4A0 through +A7 
address the data RAM (page 2, A52 and A53, see Section 2.3.2). When +A11 
in low, and +A10 is high, then the memory mapped I/O decoder (74LS42, 

A58, page 1) is enabled, see Section 2.4. 
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2 . 3 MEMORY INTERFACES 


2.3.1 PROGRAM ROM INTERFACE 

When external program instruction memory is required, then 1C locations 
A49 and A50 (page 2) are used. The types and .configurations of ROMs 
used determine the operation: 


■ 

■Him 

ROM 

In A49 

ROM 

In A50 



M 

NO EXTERNAL ROM 

NONE 

NONE 


B 

2K EXTERNAL ROM 
LOCATED 0-#>2K 

NONE 

23I6E 

OUT IN OUT IN 

0 

2K EXTERNAL ROM 
LOCATED 2K~*4K 

2316E 

NONE 

OUT IN OUT IN 

■ 

4K. EXTERNAL ROM 

■m 

2316E 


#5: 

. 

4K EXTERNAL ROM 

2332 

■9 

■ 

I 


Figure 2.3.1 ROM Configuration D.C. - DON'T CARE 

The configuration determines which instruction fetches will result in 
external ROM accesses. Note that an 8048, which has IK of internal 
program memory, will only execute external fetches for the IK to 4K 
address range (unless the EA pin is pulled high) • Section 4.1 describes 
the operation of the ROMs. 


2.3.2 DATA RAM INTERFACE 


The 256 x 8 Data RAM is selected when the external address is: 
All A10 A9 A8 A7 


0 0 D.C. D.C. byte select D.C. - DON'T CARE 

which, in hex, is OXX ■ 1XX » 2 XX » 3 XX, where XX is the byte select. 


2.3.3 DISPLAY RAM INTERFACES 

There are two 2048 byte display RAM PAGES . (Only 1920 bytes are actually 
displayed in standard operation. ) (four 2114' s ; A6, A8, A10, and A12; on 
schematics page 3) can be addressed when +PG SEL is set true (output bit 0 
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to memory mapped I/O location 40C; see Section 2.4. 1.) . PAGE 2 (four 
2114' s; A5, A7 f A9, and All; on schematics page 3) can be addressed when 
4-PGSEL is set false (i.e. , to zero) . 

For whichever of the two PAGES is enabled (by +PGSEL) , the Display RAM 
is selected when the external address is: 

All A1O~»A0 

1 byte select 

which, in hex, is 8 XX — FXX. 

Performing a read or write to external data memory in this address range 
will automatically override the refresh circuitry' s addressing of the 
Display RAM, giving the CPU priority at all times. Section 2.4.1 describes 
how the CPU can be synchronized with the refreshing to accomplish accesses 
only during blanking periods . 

Due to hardware implementation efficiencies the addressing of the 1920 
characters being displayed on the CRT is not a direct linear mapping 
within the 2048 byte Display RAMs. Table 2. 1 shows 80 character by 24 
line display with the corresponding Display RAM locations for each 
character. 

2.4 I/O CONTROL AND STATUS INTERFACES 

All memory mapped I/O ports use the 74LS42 decoder (A58, page 1) to 
detect the 4-A2, +A3, 4-A10, and 4-All address lines. 4412 and 4-A3 select 
which port is being addressed, while the combination of 4-All ■ 0 and 
4-A10 ■ 1 is required for all memory mapped operations. Additionally 
the keyboard circuitry uses 4-A0 and 4-A1, and the CRT chip uses 4-A0, 

4-A1, 4-A4, and 4-A5 for additional addressing. 


- 10 - 



CHAR 

ROW 





DEC 0 — 15 1 

HEX O— F |l 

CHAR 

POSITION: 


800 83F EOO — EOF 

840 — — 87F E4o -E4F 

880 —— — — — — 8 bf e 8 o -e 8 f 

8 CO— 8 FF ECO— ECF 

900 93 F FOO FOF 

94o — — — 97F f4o f4f 

980 — — - — — 9 BF F 80 f 8 f 

9CO- 9FF FCO FCF 

AOO A3F ElO E1F 

A 4"' — AJF E50 E5F 

A 80 - - —ABF E 90 -. E9F 

AGO — AFF EDO EDF 

BOO B3F FIO F1F 

B4o B7F F50 F5F 

B 8 o— — — — -BBF F90 F9F 

BCo — • BFF FDO FDF 

COO— — — C3F E20 E2F 

C40 — _ — ~ —GIF e 6 o— e 6 f 

C 80 ____________ _____ . — . — — CBF EAO : — EAF 

CCO — — — — CFF EEO-- EEF 

DOO— — D3F F20-— -F2F 

1)4^ _________ -D7F f 6 o f 6 f 

d8o DBF FAO FAF 

DCO -DFF FED- — FEO 






Corresponding Display RAM Addresses 
for the 80 Character x 24 Line Display 









The 74LS42 (A58) decoder must also be enabled by the delayed signal 
which is the OR of the RD and WR signals. (This delay provides ade- 
quate data setup time for the UART.) 

The WR signal provides the "C" input (A58-1) to the decoder , which 
causes decoder outputs 0-*3 to be "I/O writes" and 4-#7 to be "I/O reads . " 


I/O beyond the memory mapped I/O comes directly from CPU I/O pins . All 
of the I/O is described in Sections 2.4.1 through 2.4.4, below. 


2.4.1 CRT CHIP AND DISPLAY CONTROL 

CRT CHIP: The CRT chip responds to the following memory-mapped I/O 


addresses: Figure 2.4.1a CRT Chip Addressing 


ADDRESS BIT _ 

ADDR IN 
HEX* 

RD 

or WRT 

CRT CHIP 

OPERATION 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

0 

1 

D. C . 

D 

,C. 

D 

.C. 

D.C 

X. 

X 

0 

0 

X 

X 



SELECT CRT CHIP 



1 

D 

.c. 

D.C, 

D 

.C, 

D.C 

0 

0 

0 

0 

0 

0 

400 

WRT 

CONTROL REG 0 

/ 

< 

i 

V 



> 





< 

0 

0 





0 

1 

401 

WRT 

If II 1 













0 

0 





1 

0 

402 

WRT 

91 II 2 













0 

0 





1 

1 

403 

WRT 

is ii j 













0 

1 





0 

0 

410 

WRT 

t» M 4 













0 

1 





0 

1 

411 

WRT 

II II 2 













0 

1 





1 

0 

412 

WRT 

II fl 6 













0 

1 





1 

1 

413 

RD 

Processor Self Load 

! 






















NOT USED 













1 

0 





0 

0 

420 

RD 

Read Cursor Char 























Addr. 













1 

0 





0 

1 

421 

RD 

Read Cursor Line 

: : 

i 





















Addr. 

1 1 

i 

1 

1 

1 











1 

0 





1 

0 

422 

RD 

Reset 

1 1 

1 











1 

0 





1 

1 

423 

RD 

Up Scroll 

i ; 












1 

1 





0 

0 

430 

WRT 

Load Cursor Char 























Addr. 













1 

1 





0 

1 

431 

WRT 

Load Cursor Line 























Addr. 

M 

► 

\ 


\ 




\ 


> 

r 

1 

1 

\ 

f 


f 

1 

0 

432 

RD 

Start Timing Chain 

! ( 

3 



D.C. 

D.C , 

D, 

.c, 

D 

X 

1 

1 

0 

0 

1 

1 

433 

RD 

Non-Processor Self 







L_ 


_ 











Load NOT USED 


n.C. - DON'T CARE *Assumes DON'T CARES - 0 


The above CRT Chip operations are as defined in the 5027 CRT CHIP specifi- 
cations, Appendix B. In order to attain the 24 lines of 80 characters each 
at either 50 Hz or 60 Hz, the Control Registers should be loaded by the 
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CPU as follows: 


Figure 2.4.1b Control Register 


CONTROL 

REGISTER 

_ VALUE ( 


50 Hz 

60 Hz 

0 

68 

68 

1 

43 

43 

2 

4D 

4D 

3 

97 

97 

4 

22 

07 

5 

32 

17 

6 

17 

17 


Section 5.2 describes the operations directed by the aboye control 
registers. 

-VSYNC: The CPU receives the vertical synchronizing signal at the I NT 
input of the CPU (A54-6, page 1) . This allows the CPU firmware to perform 
timed operations based on the very precise 50 Hz or 60 Hz -VSYNC signal. 

-ADVBLANK: The CPU can synchronize to the display' s blanking time by 
sensing this signal. This allows the CPU to perform Display RAM accesses 
only during blank times, if desired, to avoid visable effects on the dis- 
play. When the CRT CHIP is programmed with the standard values (as listed 
above) the -ADVBLANK signal is 25 character times long (active low) during 
horizontal blanking. However , Display RAM access by the refresh circuitry 
starts one character time before the end of -ADVBLANK . This means that 
from the detected leading edge of -ADVBLANK the CPU has 24 character 
times (less the sampling period) during which it can be guaranteed blanking. 
Each character time is 588 nsec, which mean the CPU has 14. l^tsec (less 
the T1 sampling period) to perform the Display Ram read or write without 
effecting the refresh logic. 

+4Hz FLASHER: The CPU firmware is to generate this output at P24 (A54-35) by 
using the -VSYNC interrupt input (see above) and dividing down appropriately. 
44Hz FLASHER is used to flash the Cursor (if jumpered to do so by inserting 
W25) and is divided by 2 to generate the 2 Hz signal used to gate the 
blinking video field(s) on and off. 
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+FORCE BLANK: The CPU firmware can force the video to be blanked by 
outputting a 1 on this bit. +FORCE BLANK is part of the 74LS174 Output 
Port (A47-15, page 1) which is loaded by performing the memor y-mapped 
I/O write to location 40C (HEX) or, more precisely, 

Address Bit: 11 10 9 8 7 6543 2 10 

Value: 0 1 DC DC DC DC DC DC 1 1 0 0 

DC - DON'T CARE 


Data bit 5 is the +FORCE BLANK bit. Firmware would normally keep an 
image of this port in RAM, such that only the bits of interest can be 
changed without affecting the others . A summary of output port 40CH is: 
Output to 40CH 
Bit Signal 


7 

6 

5 

4 

3 

2 

1 

0 


DON'T CARE 
DON'T CARE 
♦FORCE BLANK 
+SEL LPT 
-BREAK 
-RQS 
+BEEP 
+PG SEL 


(see 

above) 

(see 

Section 

( " 

fl 

( " 

1! 

( ” 

n 

(see 

below) 


Figure 


2.4.2) 
" ) 
" ) 
2.4.4) 


2.4.1c Output Port 
40CH Summary 


+PG SEL: The CPU firmware selects which 2048-byte PAGE of display RAM is 
to be displayed. (Only 1920 characters are actually displayed. ) This 
also selects which RAM is accessed by the CPU via the Display RAM addresses 
(Section 2.3.3) . +PG SEL is set to a 0 to select PAGE 1 and is set to a 1 to 
select PAGE 2. This control bit is data bit 0 on output port 40CH as 
described under +FORCE BLANK, above . 
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2.4.2 UART AND COMMUNICATION CONTROL 


UART CHIP: The UART Chip responds to the following memory-mapped I/O 
addresses: 





ADDRESS 

BIT 









11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

i 

0 

ADDR 

IN HEX* 

HU 

UART 

OPERATION 

_o 

1 

PC 

DC 

DC 

DC 

DC 

DC 

_Q 

1 

DC 

DC 

wm 

HI 

Read Data Enable 

n 

1 

DC 


DC 

DC 

DC 

DC 

■ 

H 


PH 

408 

WIT 

Write Data Strobe 

0 

1 

DC 

DC 

DC 

DC 

DC 

DC 

1 

0 

DC 

DC 

408 

■9 

Status Word Enable 















Data 

Bit Status 















3 FE, FRAME ERROR 

2 PE, PARITY ERROR 

1 TBMT, TRANSMIT 
BUFFER EMPTY 

0 DTA, DATA 
AVAILABLE 


DC - DON’T CARE 

* Assumes DON'T CARES - 0 Figure 2.4.2 UART Chip Address 


The above UART Chip operations are as defined in the UART specification 
in Appendix C. The hardware operation of the UART interface is described 
in Section 6. 

4-RESET UART: The CPU firmware can pulse this line by using I/O expander 
instructions (which strobe the PROG output pin of the CPU, A54-25, page 1) . 
This signal is connected to the UART's RESET input. 

4-SEL LPT: The CPU controls this signal by performing a memory-mapped 
output operation to address 40CH with bit 4 being +SEL LPT: 
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Output 40CH 


Bit Signal 

7 DON'T CARE 

6 " " 

5 +FORCE BLANK (Section 2.4.1) 

4 +SEL LPT 

3 -BREAK (see below) 

2 -RQS (see below) 

1 +BEEP (see Section 2.4.4) 

0 +PG SEL ( " " 2.4.1) 

When set to 1, the +SEL LPT control line enables the line printer serial 
communication transmitter (connector P4-3, PRT DATA (RS 232) , page 2) and 
disables the normal transmitter data driver (connector P3-2, TXD (RS 232) , 
page 2) . When set to 0, +SEL LPT disables the printer transmitter and 
enables the normal serial transmitter. Additionally, +SEL LPT selects 
the line printer serial baud rate (as determined by switches S3) when set 
to a 1, or the normal serial baud rate (as determined by switches SI) . This 
allows the printer and normal serial Interfaces to have Independent baud 
rates . (Note that the UART does not receive serial data at the normal 
baud rate when the printer is enabled. ) 

-BREAK: This signal is controlled by the CPU using address 40CH, bit 3 
(see above) . -BREAK, when set to 0 forces the selected serial transmit 
line to the "break" state. This allows the CPU firmware to create the 
desired Break condition for the desired duration. 

-RQS: This output bit (address 40CH, bit 2, see above) directly drives 
the normal terminal serial Interface's RTS (Request to Send, P3-4, page 2) 
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which also goes to the modem connector (P6-4, page 2). Additionally 
this can drive DTR (P3-20, page 2) , if enabled using switch S5-3, 12. 

This bit can also drive the printer's serial port TERM RDY lines 
P4-8 and/or P4-6 (page 2) which can be connected by jumpers W12 and 
W13, respectively. 

-DCR: The CPU can input -DCR on I/O pin P25 (A54-36, page 1). This 
signal can come from any of 3 different places: (1) "DCR (RS232)" at 
P3-6 (page 2) which can be enabled by switch S5-1, 14; (2) "DCR (RS232)" 
at P3-8 (page 2) which can be enabled by switch S5-2, 13; and (3) Modem 
connector P6-7 (page 2) . 

-PTR RDY: The firmware inputs this signal via the CPU I/O pin P26 
(A54-37, page 1) . It is the Printer Ready signal derived from connec tor 
P4-20 (+PTRRDY (RS232) , page 2) . 

-HALF DUPLEX: The CPU firmware reads CPU I/O pin P27 (A54-38, page 1) 
to determine the Full/Half Duplex mode. When -HALF DUPLEX is 0 the firm- 
ware should enter half duplex mode and when 1 the terminal should be in 
full duplex mode. -HALF DUPLEX is derived from switch S2-3,18 (page 1), 
one side of which is grounded. 

2.4.3 KEYBOARD I/O INTERFACES 

The outputs to the Keyboard matrix consist of the 8 lines from the CPU 
I/O pins Pl0-s»Pl7 (A54-27-»34, page 1) which are connected to Keyboard 
connector pins Pl-8 through Pl-15, respectively. There are 12 inputs 
from the matrix and 4 inputs from individual keys. All inputs are pulled 
up by IK ohm resistors to +5V. 
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Figure 2.4.3 Keyboard I/O Interfaces 

The CPU reads Keyboard inputs via the following memory-mapped I/O reads: 


ADDRESS BIT 

11 10 9876543210 


1 DC DC DC DC DC DC 1 1 0 0 

A A A A A A 

110 1 
1110 

M i U H 

■ DC PC DC rx: DC DC 1 1 1 1 


ADDR 
IN HEX*| 


KEYBOARD INPUTS (PI Connector Pins) 
On Data Bits 


40G 

40D 

40E 

40F 


76543210 
ft50Hz( ALPHA) 26 (SHFT) (CTI) (FUNC)16 20 
3 4 6 5 


SI It 


T 

^-Non Keyboard 


25 

ft 

II 

II 

17 

21 

24 

II 

II 

It 

18 

22 

7 

II 

II 

II 

19 

23 


DC - DON'T CARE 
* Assumes DON'T CARES - 0 


Note that the 4 individual keys are input on all four addresses. "-50 Hz" 
is also input with these input operations and is to determine the terminal's 
refresh rate upon power up, as described in Section 2.4.4. 


Appendix D provides the descriptions of keyboard matrix with which this 
system has been interfaced. 

2.4.4 OTHER I/O INTERFACES 

-50 Hz: As described under Section 2.4.3, above , this signal can be read 
by the CPU firmware on memory-mapped I/O address 40C (as well as many 
others) on data bit 7. The firmware should sense this bit during power-up 
and initialize the CRT chip accordingly (see Section 2.4.1). When -50 Hz - 0 
then the 50 Hz mode should be established, else the 60 Hz mode. This signal 
is derived from switch S2 pins 17 and 4 (pin 4 is grounded). 


+BEEP : The CPU firmware can control the beeper (audio signal, 1200 Hz) with 
bit 1 of the memory-mapped I/O write to address 40CH (see, also. Sections 
2.4. 1 and 2.4. 2 for the other control bits affected) . The +BEEP signal is 
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gated with the +1200 Hz signal (on page 1 with 74LS00 , A61-1, 2 , 3) 
which is then inverted to drive transistor Q2 which, in turn , 
drives the 8 ohm speaker connected to P7-1 , 2 . When +BEEP is 0 
the gating is such that the +1200 Hz is removed and the transistor 
Q2 is put in the off (non-conducting) state . 
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3. OPERATION OF JUMPERS AND SWITCHES 


Presented below is a summary of the switches and jumpers used in the 
system. Included are short descriptions of their functions and refer- 
ences to other pertinent sections of this document. Though redundant, 
this section should provide quick reference for software, hardware, and 
systems technical personnel. 


JUMPEF 

— — — — - — ■ — — ■ — — — 

DESCRIPTION 

Schem. 

Reference 


# 

INSERTED 

REMOVED 

Page 

Sections 

Comments 

W1 

USE INTERNAL PROGRAM 
MEMORY (ROM) 

USE EXTERNAL 
PROGRAM MEMORY 
(ROM) 

1 

2. 1 


W2 





NOT USED 

W3 





II 

W4 





II 

W6 

P3 CONN: 

CURRENT LOOP SEND 

SHORT 510 SERIES 

KEEP 510 

IN SERIES 

2 

6.3 

0 

W7 





NOT USED 

W8 





If 

W9 





It 

W10 





II 

Wll 





II 

W12 i 

P4 CONN: TERM RDY 
(RS232C) SENT ON P4-6 

P4-6 NOT CONN 

2 

6.3 


wi3 : 

>4 CONN: TERM RDY 
(RS232C) SENT ON P4-8 

P4-8 NOT CONN 

2 

6.3 



Table 3.0 Summary of Switches and Jumpers 
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Reference 

e | Sections Comments 




CURSOR FLASHES OFF 
)N (INVERSE VIDEO) 


W26 por 2332 ROM at A49 


W27 




:or 2316E, 8316E, 
!716 ROMs at A49 or 
l50 



CURSOR DOES NOT 
FLASH AND IS 
INVERSE VIDEO 

5 

for all others 

- - . .. \ 

2 

for all others 

2 

for all others 

2 

for all others 

2 

For no standard 
character gen- 
erator PROMs 

5 


























































DESCRIPTION 


CLOSED OPEN 


SI 

1-2 

> l 

2-1 


3-1 


4-17 


5-16 


6-15 


7-14 


8-13 

y 

9-12 

SI 

10-11 



NOT 

19,200 

NOT 

9,600 

NOT 

4,800 

NOT 

2,400 



SHORT OUT 270 
IN SERIES WITH 
CHARACTER VIDEO 



3-18 HALF DUPLEX 


4-17 50Hz 


5-16 PARITY IN TRANS 
AND RCV 


-15 1 STOP BIT 

(TRANS) 


KEEP 270 IN SERIES 5 
(FOR COMPOS VIDEO) 


SELECT UPPER HALF 5 
OF CHARACTER GEN- 
ERATOR 


FULL DUPLEX 


60Hz 


NO PARITY 


2 STOP BITS (TRANS) 2 




BITS IS 2- 7, 14: 
.PER \S2-8, 13: 
NB2 CHAR MBITS = 


9-12 SEND AND RECEIVE: 
ODD PARITY 


1-20 a)+VIDEO P2-4 

GETS COMPOS SYNC 
TOO 


: CLOSED OPEN CLOSED OPEN! 

: CLOSED CLOSED OPEN OPEN/ 2 
5 6 7 8 J 


EVEN PARITY 


a)+VIDEO P2-4 HAS 5 
NO SYNC's 



6.2; C 


6.2; C (see also S2-5, 16) 


5.4 S2- 10,11 SHOULD 

BE OPEN FOR VIDEO 
WITH COMPOS SYNC 


b)+TTL VIDEO BE- b)+TTL VIDEO P2-6 
COMES VIDEO WITH IS ONLY COMPOS SYNC 
COMPOS SYNC (P 2- 6) 
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1 SWITCH 

DESCRIPTION 

Schem* 

Reference 


1 

#_ 

PINS 

CLOSED 

OPEN 

Page 

Sections 

Comments 

S3 

1-20 

19,200 

NOT 19,200 

6 

6.1 



A 

2-19 

9,600 

NOT 9 , 600 

6 

6.1 




3-18 

4,800 

NOT 4,800 

6 

6.1 




4-17 

2,400 

NOT 2,400 

6 

6.1 




5-16 

1,200 

NOT 1,200 

6 

6.1 


>$> 


6-15 

600 

NOT 600 

6 

6.1 



7-14 

300 

NOT 300 

6 

6.1 



8-13 

150 

NOT 150 

6 

6.1 



v- 

9-12 

75 

NOT 75 

6 

6.1 



S3 

10-11 

110 

NOT 110 

6 

6.1 

d 


S5 

1-14 

CONN P3: RECEIVE 

DO NOT RECEIVE DCR 

2 

6.3 



1 A 


DCR (RS232C) FROM 
P3-10 

FROM P3-10 













2-13 

CONN P3: RECEIVE 

DO NOT RECEIVE DCR 

2 

6.3 




DCR (RS232C) FROM 
P3-8 

FROM P3-8 





1 

3-12 

i 

■ 

CONN P3: P3-20 
(DTR) DRIVEN BY 
SAME AS RTS (P3-4 





>&> 


4-11 

CONN P3: P3-20 

P3-20 (DTR) NOT 






(DTR) PULLED TO 
+12VVIA 3.3K 

PULLED HIGH 






5-10 








6-9 

CONN P3: RECEIVE 

DO NOT RECEIVE 

2 

6.3 





SERIAL DATA 

SERIAL DATA 







RS232C P3-3 

RS232C P3--3 




f 

55 

7-8 

CONN P3: RECEIVE 

DO NOT RECEIVE 

2 

6.3 




SERIAL DATA CUR- 

SERIAL DATA CURRENT 




u 


RENT LOOP P3-12, 
24 

LOOP P3-12, 24 | 






CLOSED CONDITIONS OF SWITCHES WITHIN INDICATED SWITCH GROUP 
ARE MUTUALLY EXCLUSIVE 


MUTUALLY EXCLUSIVE CURRENT LOOP SEND CONNECTIONS FOR P3 

| P3 CONN; ISOLATED (W6, W-14, W-I6 INSERTED) VS. 1-SIDE GND (R28 
W15, W17 INSERTED) 




4. PROGRAM MEMORY OPERATION 


The operation of the hardware for the program memory is described in 
sections 4.1 (program ROM) and 4.2 (data RAM) . The functional inter- 
face for system and firmware reference is described in sections 2.3.1 
and 2.3.2. 


4.1 PROGRAM ROM 

When external program memory is required by the CPU, the (P)ROMs at 
locations A49 and A50 (page 2) are used. 

The two ROMs have the 11 address lines and the 8 output data lines in 
common. The lower 8 address lines (+A7-»+A0) come from the address latch 
(A51, page 1) and +A10, +A9, and +A8 come from CPU port 2: bit 2 (A54-23, 
buffered) , bit 1 (A54-22) and bit 0 (A54-21) , respectively. The output 
data lines are connected to the CPU data bus (+DB7-*+DB0) . 

If the ROMs are 2316E types (i.e. , 16K bits) then memory address bit All 
(derived from CPU port 2 bit 3, A54-24) selects which ROM is enabled when 
-PSEN goes active. +A11 and its inverse are each gated with -PSEN (page 1, 
A66-l,2,3 and A66-11, 12, 13) yielding -R0M1CS or -ROM0CS , one of which goes 
active when -PSEN goes active. -ROM0CS goes active for +A 11-0 and -R0M1CS 
goes active for +A11-1. -ROM0CS selects the ROM at A50 (page 2, A50-20). 
-R0M1CS selects the ROM at A49 (A49-20) . Note that for 2316E-type ROMs 
jumper W29 is inserted (and W28 is not) in order to pass the -ROM1CS signal. 
Jumper W27 must be inserted (and W26 not inserted) for 2316E ROMs. This 
provides pin 21 (on A49 and A50) with +5V, which is required for PROMs 
(2716 or 2758) that may be used, and provides the high logic level for the 
ROMs that have a positive chip select at this pin. 
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If a 2332- type (i.e., 32K bit) ROM is used then jumper W28 and W26 
must be inserted while omitting W29 and W27 . This provides A49-20 
with -PSEN directly such that this ROM is selected on every -PSEN cycle, 
not just when +A11*»1. Jumper W26 connects +A11 to A49-21 providing the 
ROM with the required 12th address bit. 

The negative chip select at pin 18 (on A49 and A50) is permanently grounded. 


4.2 DATA RAM 

The 211LA (or 8111A) RAM chips (page 2, A52 and A53) comprise a 256 x 8 
block of read/write memory, with A52 providing for data bits 7 , 6, 5, 
and 4 and A53 for bits 3, 2, 1 and 0. This data leaves and enters via 
I01-*”X04 (pins 11-5»14) on A52 and A53, and is connected to the CPU 
data bus +DB7 +DB0 (see page 2). The required 8 address bits are 
+A7-»+A0. 

This 256 x 8 RAM is enabled when +A10 and +A11 are both logic 0 by gener- 
ating -DSCS (page 1, A66-4,5,6) which connects to A52-15 and A53-15 . 

-DSCS in conjunction with -RD pulse (from the CPU, page 1, A54-8) causes 
the RAMs' outputs to be enabled (via A52 and A53 pin 9) . During -RD the 
addressed data is then driven onto the data bus . 

-DSCS in conjunction with -WR pulse (from the CPU , A54-10) causes the 
RAMs (via A52 and A53 pins 16) to write the 8 bits from the data bus at 
the addressed internal locations. 
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5. DISPLAY OPERATION 


5.1 CLOCK GENERATION 

The crystal oscillator (page 4) uses an astable 74S04 configuration to 
generate the 23.814 MHz signal (at A55-4) . The crystal is series 
resonant at 23.814 MHz. The 74LS109 flipflop (A56-2-W) divides the 
basic clock by 2 to provide an 11.907 MHz "square" wave, +CLK (A56-6) 
and -CLK (A56-7). These two signals go on to the Video Generation 
circuitry on page 5 (see Section 5.4) to provide the gating and shifting 
clock for the basic dot of the video generation. 

See Figure 5.1 for the timing diagram. 

The 74LS163 dot counter (page 4, A57) provides the display character clock 
(+DC CARRY, A57-15) to the video generation logic (page 5) and its frequency 
equivalent, -DC2 (A55-12), to the 5027 CRT Chip (at A23-12, page 4). The 
counter's bits Q A> Qg, and Q c generate the dot counter bits +DC0, +DC1, and 
+DC2, respectively. +DC0 and +DC2 are used on page 5 by the video gener- 
ation circuitry (Section 5.4) . +DC1 generates an asymetrical 3.402 MHz 
(11.907 4- 3. 5) signal which is used on page 6 by the baud rate generator 
(Section 6.1). 

+CLK is divided by 2 by the 74LS109 (page 4, A56-10— >-15) to generate 
+6MHz (actually 5.9535 MHz) on A56-10. +6MHz goes to the CPU (page 1, 

A54-2) to provide the basic CPU clock. 

5.2 CRT CHIP OPERATION 

The CRT 5027 Video Timer and Controller ("VTAC" or. "CRT CHIP") for SMC 
Microsystems Corporation is described in detail by the specification in 
Appendix B. This section describes the CRT Chip's specific operation 
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when the control registers are programmed for this system as described 
in Section 2.4.1. 

Clock Input: The clock input (DCC, A23-12, page 4) to the CRT chip is at 
the display character rate. It is the same as the inverse of +DC2 in 
Figure 5.1. The CRT Chip Specification in Appendix B shows timing of the 
output signals relative to the input clock. 

Hardware Addressing Operation: Accessing the CRT CHIP (page 4) is performed 
by presenting the proper address inputs (A3-»A0, A23-2, 1,40, and 39) and 
then providing a negative strobe at the data select (DS, A23-9) . Depending 
on the address inputs the chip performs a read (DB7— >DB0, A23-18-*>25, drive 
the CPU data bus +DB7->+DB0) or a write (the chips DB7 DB0 accept data from 
the CPU data bus +DB7-»+DB0). Of the 16 addressable I/O registers (ports 
in the CRT CHIP) 9 are output (write) and 7 are input (read) ports. The 
address table in Section 2.4.1 shows which ports are write and which are 
read. Note that the address lines connected to the chip' s address pins 
are: +A5, +A4, +A1 and +A0 to the chip’s A3, A2, Al, and A0, respectively. 
Since the CRT Chip wants only one control strobe (i.e. , not both a read 
and a write strobe) the read and write outputs of the I/O decoder (page 1, 

A58) for address decodes "400" are logically OR'd (by A43-11, 12, 13, page 1) 
yielding -SEL CRT CHIP. This signal provides the data select for the CRT 
Chip (A23-9, page 4). The "400" decoded signal, in conjunction with the 
4 address lines, accounts for the 1/0 address locations (as presented in 
the table in Section 2.4.1). 

Operation of CRT Chip programming: As stated in Section 2.4.1 the 7 control 
registers must be programmed for either 50 Hz or 60 Hz for standard operation: 
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CONTROL 

REGISTER 

VALUE (IN HEX) 

50 Hz 

60 Hz 

0 

68 

68 

1 

43 

43 

2 



3 

97 

97 

4 

22 

07 

5 

32 

17 

6 

17 

17 


Variations from this might be possible for special cases, but for 24 lines 
of 80 displayed characters (at 50 Hz or 60 Hz refresh rates) it is neces- 


sary to use these values with the clock generation and video generation 
circuitry provided in this system. 


The above control register values provide the following parameters to the 
CRT Chip (see also the CRT Chip timing. Figure 5.2): 

5.2.1 -- Control Register 0 

Bits 7-9»0 3 N; Horizontal Line count where Total Characters/Line « N + 1, 


50 Hz 


Total Characters/Line ® 68, +1 

16 

■1Q4^q + 1 


60 Hz 


-105 


•Same- 


5.2.2 -- Control Register 1 

Bit 7; Interlaced/Non-interlaced 

where 1 «* Interlaced; 0 « Non-Interlaced 
Bit 7 * 0, Non-Interlaced 

--Same-- 

Bits 6->3 * N; Horizontal Sync Width 

where Horiz Sync Width Character Times ■ N 
(N « 1~»15; N ® 0, disallowed) 

50 Hz] Horiz Sync Width Char Times - 8 
60 Hz] --Same-- 


50 Hz 


60 Hz 
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N; Horizontal Sync Delay 


(N - 1— *7 j N » 0, disallowed) 

50 Hz Horiz Sync Delay Char Times ■ 3 


60 Hz --Same* 


5.2.3 — Control Register 2 

Bit 7, not used (<=> 0) 

Bits 6->3 = N; Scans/Data Row 

Where Scans/Data Row ■ N + 1 

50 Hz Scans/Data Row =9+1 

" 10 10 

60 Hz —Same— 

Bits 2~>0 = T; Characters/Data Row 

where T is defined in a table in the CRT Chip Specification 
(Appendix B, last page) . 

For DB 2 - 1, DBl =0, DB 0 = 1 the 
Characters per Data Row *> 80 


50 Hz Characters/Data Row ■ f (T) 


60 Hz —Same- 


5.2.4 — Control Register 3 

Bits 7, 6 = T; Skew Bits (Refer to 5.4) 

where T is defined in a table in the CRT Chip Specification 
(Appendix B, last page) . 

For DB 7 ■ 1, DB 6 • 0 the Skew Bits 
are Sync/ Blank Delay = 1 Character Time 
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Cursor Delay ■ 0 Character Time 

50 Hz Skew Bits - f(T) 


f < 2 10> 


■ Sync/ Blank Delay of 1 Char Times 
Cursor Delay of no Char Times 


60 Hz ■ — Same- 


Bits 5-^0 = N; Data Rows /Frame 


where Number of Data Rows = N + 1 


(N - 0 63) 

50 Hz Number of Data Rows =» 17i + 1 


23io + 1 


60 Hz -•■■Same- 


5.2. 5 — Control Register 4 
Bits 7->0 =» N; Scans/Frame 

where, in non-interlaced mode, 
Scans/Frame = 2N + 256 


50 Hz Scans/Frame = 2*22^ + 256^^ 

- 2*34 + 256 

10 10 

= 68 + 256 

10 10 


60 Hz Scans/Frame - 2*07 + 256 


14 + 256 
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5.2.6 — Control Register 5 

Bits 7->0 - N; Vertical Data Start 

where N - number of raster lines after leading edge of 
vertical sync of vertical start position. 
Vertical Data Start (raster lines) - 32 1 


50 Hz 


’16 


50 


10 


60 Hz 


Vertical Data Start (raster lines) = 17-^ 

- 23 io 


5.2.7 -- Control Register 6 
Bits 7, 6, not used («• 0) 

Bits 5->-0 = N; Last Displayed Data Row 

where N = Address of last displayed data row, N = 0 to 63 
Last Displayed Data Row ** 17 ^ 


50 Hz 


23 


10 


60 Hz 


■Same' — 


Figure 4.2 presents the timing of a frame showing the relationship between 
the Valid Character Addresses (for the 24 80-character rows) and the 
Blanking and Sync signals. The left and right edges correspond to the 
8 tart of Horizontal Sync, and the top and bottom edges (different for 50 Hz 
and 60 Hz) correspond to the start of Vertical Sync. The inner solid-lined 
rectangle (24 Data Rows x 80 characters) represents the time during which 
the CRT Chip outputs valid addresses on H6-*H0 (A23-32->38, page 4), R3->R0 
(A23-4,5,7,8) , and DR4-M)R0 (A23-30,29,28,27,26) . The H6-*H0 lines go from 
0 to 79 on each scan across the 80 character positions. R3->R0 count out 
the 24 character rows, covering all rows 0 through 23 on each frame (the 
starting and ending counts are programmatically changed using the Last Data 
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50 Hz 


60 Hz ^ 

CM 


START 

VEIT 

SYNC 


START 


START 

HSYNC 



FIGURE 5.2: CRT CHIP IMING 

(See Section 5.4 for final video timing.) 

IjIj • _ m. - .n-™— r| 

A23-17 ▼ 

TOTAL CHARACTERS/ LINE =105 


VERT BLANK. 


START 

BL 1 

A23-17 ▼ 


START 
| HSYN 


START VERT 
BLANK > 


h 


80 CHARACTERS PER DATA ROW 


VERT 
SYNC 
IS 3 
RASTOR 
SCAN LINES 
LONG 


CHARACTER 

ADDRESSES 

VALID 


CURSOR DELAY OF 0 CHAR TIMES 
HORIZ SYNC/ BLANK DELAY OF 1 CHAR TIME 


A23-15 HSYN 


8 CHAR TIMES 


HORIZ SYNC DELAY* 3 CHAR TIMES 




Row Control and/or the Up Scroll command). 

The positive-true blanking signal (BL, A23-17* page 4) is emitted 1 char- 
acter time after the end of the last (80th) character to the end of the 1st 
character address f as well as continuously from the end of the last char- 
acter row until the beginning of the first character row. (Note that addi- 
tional data pipelining and blanking f lipf lop delays cause the final video and 
blanking to have a different timing relationship — see Section 5.4.) 

The Horizontal Sync (HSYN* A23-15) and Composite Sync (CSYN* A23-10) are 
each delayed by 1 character time (as for blanking* above) and additionally 
have a "front porch*' of 3 more character times before the HSYNC begins. 

(See Section 5.4 for final video/sync/blanking relationships.) The HSYN 
signal and the horizontal part of CSYN are 8 character times long. 

Vertical Sync (VSYN, A23-11, page 4) starts after the last scan line of the 
frame and lasts for 3 horizontal scan line times . CSYN is VSYN OR 1 d intern- 
ally with HSYN. The programming of the Total Scan Lines per Frame determines 
whether there are 50 or 60 frames per second. Following the last scan line 
(at the same time VSYN starts) the Vertical Data Start is delayed by 50 
scan lines for 50 Hz and by 23 scan lines for 60 Hz. This is varied to provide 
for approximately the same vertical centering for both 50 Hz and 60 Hz. 

The cursor signal (CRV, A23-16, page 4) is not delayed (internal to the CRT 
Chip) and is emitted during the times when the internal Cursor Address 
matches the Character Address (row (DR5H*DR0) and horizontal position (H6->H0)). 
(Note that the external pipeline and delays will cause the final video and 
cursor to have the same relationship but actual displayed video occurs two 
character times later; see Section 5.4) * 
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Refer to the CRT Chip Specification (Appendix B) for the functional 
operation of the other (non- initiali zing) CRT commands . Section 2.4.1 
provides the 1/0 addresses to be used for these commands. (Note that 
Processor Self Load and Non-Processor Self Load commands do not apply to 
this system — self load is not used. ) 

5.3 DISPLAY RAM AND CHARACTER GENERATION 

The displayed char acters are stored and retrieved from the 2114-3 RAMs 
(random access, read/write memories) shown on page 3. There are two 
display pages (banks) of 1920 characters (bytes) each . Display Page 1 is 
composed of A6,S,10 and 12 and is enabled when +PG SEL (A47-2, page 1) is 
low (logic 0). (+PG SEL is data bit 0 on output port 40CH. See Section 
2,4.1.) +PG SEL enters the decoder 74LS139 (A27-3, page 3) to cause the 
proper RAMs to be selected, as described in this table: 


TABLE 5.1: DISPLAY RAM CHIP SELECT 




DISPLAY 
PAGE 2 

+PG SEL 

■1 


1 

BB 

HIGH ORDER ADDRESS BIT 
(A10 or +RAM10) 

■ 

l 



RAM Chip for +DISP DATA 7,2, 1,0 
(IC Numbers are given. ) 

D 


B 

B 

RAM Chip for +DISP DATA 6, 5, 4, 3 
(IC Numbers are given.) 


■ 

H 

B 


The 11 address lines come from either of two sources: the CPU's 4A0-*-A10 or 
from the CRT Chip (and associated logic) addresses 4RAM0-s*+RAM10. The CPU's 
address lines are the normal ones (as described in Section 2.2.2). The CRT 
Chip' s address lines are derived from the data row (DR0->4) and data column 
(H0->6) address outputs (see A23, page 4) . Combinatorial logic gates (page 4; 
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A 34-1,2,3, A34-ll,12, 13, A37, A38-l,2, A38-3,4, A38-5.6, and A38-8.9) 
condition the CRT address outputs such that: 

(1) the 1st 64 characters of each data row are ordered sequentially 
in the -fRAMx addresses from 0 to DFFH. 

(2) the last 16 characters of each data row are placed in the +RAMx 
addresses from E00H to FFFH (with 8 16-byte holes being unused) . 

Table 2.1 in Section 2.3.3 shows exactly which -fRAMx addresses correspond to 
the character position addresses. This mapping is performed in order to get the 
1920 characters within the 2048-byte RAM, by transforming the 12 row/column 
addresses (5 row, 7 column) into 11 RAM address lines. 

The most significant address bit (10) enters the same decoder (page 3, A27-2), 
as did +PG SEL. Table 5.1, above, shows how this selects a pair of RAM 
chips. 

The selection between the CPU addresses (+A0> +A10) and the CRT chip's 
refresh addresses (+RAM0-*- +RAM10) is made using three quad multiplexers 
(A24, A25, and A26, page 3). The multiplexers normally select the CRT 
Chip addresses, but when the CPU performs an external data read or write 
with +A11 * 1 then the multiplexers automatically select the CPU's address 
lines. The advanced read-or -write signal +ADVRDOR WR (from A39-6, page 1) is 
gated with +A11 (at A40-l,2,3, page 3) to form the multiplexer control 
signal. 

Data between the CPU (via +DB7-*-0) and the display RAMs (+DISP DATA 7-*-0) 
is transferred through the 8304 bi-directional transceiver (A13, page 3). 

The +RD PULSE from the CPU (A38-12 inverted from A54-8, page 1) controls the 
direction of the transceiver for CPU reads from or writes to the RAM. The 
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delayed read-or-write signal 4RD OR WRT (A41-10, page 1) is gated with +A11 
(A40-ll,12,13, page 3) such that when +A11 ■ 1 for a 4RD OR WRT the trans- 
ceiver is enabled (A13-9, page 3). The delayed write pulse (-WRT PULSE, 

A40-8, page 1) is gated with the inverse of +A11 (A40-6, page 3) using a 
74LS32 gate (A34-8,9,10) to generate the write-enable signal that goes to 
the RAM's. (pins 10). This signal is delayed by -WRT PULSE) at the beginning 
to provide proper address setup time, but goes away early (with the CPU's -WR 
signal) to provide guaranteed data (on writes) and address hold times. 

The CPU can synchronize itself with the video so that it only accesses 
during blanking periods . The synchronization can be done such that one 
character can be transferred during horizontal blanking by using -ADV BLANK 
which is connected to T1 (A54-39, page 1) ; or the CPU can transfer a number 
of characters during vertical blanking by reacting to - VSYNC which is con- 
nected to I NT (A54-6, page 1). Failure to synchronize may cause 1 or 2 
displayed character' s worth of a scan line to be garbaged on the CRT. This 
might appear as "drop-outs" on the display. 

During normal display refresh cycles the addresses to the RAM' s are multi- 
plexed to come from the CRT chip's +RAM0-^10. (+PG SEL is still in effect, 
see Table 5.1). The data being read from the RAMs on +DISP DATA 7-»0 goes 
to the pipeline latch (A4, page 5 ). Figure 5.3 shows the timing for 
accessing and transferring the display data. +DC CAR (A42-3, page 5) shows 
the times for accessing or transferring successive characters . +DC2 is the 
basic data character clock going to the CRT Chip (being inverted and input 
or DCC, A23-12, page 4) . 

The +RAM A10-*0 addresses from the CRT chip change following the indicated 
edge of +DC2. Call this new address "N". The RAMs access location N, 


39 - 



putting valid data onto the +DISP DATA 7-*0 lines before the next +DC CAR 
pulse. When that pulse occurs the +DISP DATA for character N is loaded 
into the pipeline latch (A4-11, page 5) causing the outputs of the latch 
(+DRD 7-s»0) to be the code for character N. (Refer to Figure 5.3. ) 

+DRD 6->0 comprise part of the address inputs to the character generator 
ROM. Three of the scan row address lines +DOTA 2->0 (A23-5,7,8) provide 
the rest of the address inputs. (DOTA 2->0 do not change on a character 
by character basis, only line by line; see Appendix B. ) During the next 
character-time the character generator is accessing the dot information 
for the addressed character' s addressed scan-row, see Figure 5.3. By the 
next +DC CAR pulse the character generator output is available to be loaded 
into the shift register (A2, page 5) and the dot-shift control logic 
(A45, page 5, see Section 5.4). Note that while character N is being dis- 
played, character N+2 is being accessed by the display RAM and that char- 
acter N+l is being accessed by the character generator ROM. 

+DRD7 (A4-12, page 5) from the pipeline latch, indicating a character to 
be displayed with "half" intensity, goes to a flip-flop (A16-12, page 5) 
where it is latch by the next +DC CAR. This causes the displayed character's 
video intensity to be reduced (see Section 5.4) . The pipeline latch outputs 
+DRD5 and +DRD6 , when both low, cause the video to be suppressed and +DRD4 , 3 , 
2,1, and 0 to be used as special control information. Section 5.4 describes 
the operation of these circuits. 

The character generator is designed to produce patterns for 96 characters . 

(32 character positions are lost for the control codes referred to above. ) 
Each character has 8 scan lines available and 8 bits of pattern information 
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are produced. This calls for a ROM capacity of 128 096+32) characters 
X 8 scan lines X 8 bits =* 8K bits. The ROM* s socket location is made to 
accept a 2758, 2716, or 2316E. The 2758, being exactly 8K bits, satisfies 
the requirements. To use it jumper W30 (page 5) must be installed and 
switch S2, 19 (page 5) must be closed. The 2716 and 2316E, being 16K bits, 
have twice the capacity and can provide two different character sets. S2 
closed provides one and 32 open provides the other. (Jumper W30 must 
always be installed.) 

There are 10 raster scan lines (0-~>9) per character row, but only 8 can 
have specified display data in the character generator. Rows 0 and 9 are 
always blanked as far as pattern information from the character generator 
is concerned (but row 9 may have the controlled underline information, see 
Section 5 . 4 .), This is why only three scan line addresses, enter the char- 
acter generator ROM (A3-6, 7 ,8 page 5). Each consecutive 8 locations in 
the ROM are for each character. Note that the first 32 characters (groups 
of 8) are lost, as described above. Location 0 within a group of 8 for a 
character, has the video pattern information for the raster scan line number 
8 (out of the 0->9). The locations 1 to 7 have information for scan line 
number 1 to 7, respectively. For example the character at locations 100H 
to 108H (the first displayable character, i.e. the 33rd group of 8) has the 
following relationships: 
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The data pattern for each scan line of each character is determined from 
the 8 bits at the ROM location. 6 of the bits represent the actual dots 
to be displayed. The other 2 bits specify the half-dot shift character- 
istics of the 6 displayed bits. This half-dot shift characteristic provides 
for a much finer horizontal resolution without increasing CRT bandwidth 
requirements. ROM output bits D1 and D0 (A3-10.9, page 5) provide the dot 
shift specification. D7— »D2 (A3- 17 , 16, 15, 14, 13, 11) provide the actual dot 
information. D7 goes out first in time. A 1 for any bit indicates positive 
(brighter) video. The 4 possible half-dot shift patterns are as follows: 


FIGURE 5.4: DOT SHIFT FORMATS 


ALL DOTS 
NORMAL 

FIRST 3 DOTS 
ADVANCED 

LAST 3 DOTS 
ADVANCED 

DOT TIME 

ALL DOTS 
ADVANCED 


Earliest 
D7 



B «■ Blank Dot Position 
„5B ■ \ Blank Dot Position 


D1 D0 

0 0 

1 0 

0 1 

1 1 


NOTE: The dots and shift controls must be encoded such that there will be 

no \ dot actually formed (i.e. %-dot on or off between two other dots that 


are both the same but opposite the polarity of the Ij-dot) . 



Section 5.4 describes the operation of the video generation circuitry that 
displays the above-described character patterns. 
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5.4 VIDEO GENERATION 

Basic Video: The basic video "dots" (1) emanate from the shift register 
A2-13, page 5) (2) are then delayed by either one full or one-half dot 
time (A17-5 or 9, respectively) with the desired one being selected (using 
A18-l,2,3 and A18-4,5,6 along with the two inputs A19-2,4 and output on 
A19-6) , (3) are next complemented if dictated by controls and/or +CURSOR 
(A21-4,5,6) , (4) are then open-collector driven onto a multi-level video 
point where there is blank, half, and full intensity and, possibly, sync 
levels (video is driven by A15-4,5,6), and (5) are finally emitter-follower 
driven onto P2-4 (by Ql, page 5). 

SHIFT REGISTER: The character generator's 6 output pattern bits are loaded 
into the shift register as shown in Figure 5.3. +DC CARRY (A57-15 , page 4) 
causes the load (via A42-ll,12,13 to A2-15, page 5) at 4-CLK rising. This 
load may be inhibited (at A42-13, page 5) by a number of conditions (at A19-8, 
9,10, 12,13, page 5). These inhibit conditions are: 

(a) control character code (+DRD5 « 0 and +DRD6 ■ 0), as detected 
by A22-l,2,3 which goes to A19-13. 

(b) first scan line for a character row (+DOT. A3-»0 - 0000) as 
dete cted by A22-8,9,10, A21-11, 12, 13, and A22-4,5,6 which go 
to A19-9. 

(c) control registers say flash (A31-5 ■ 1 and A31-9 “ 1, page 5) 

and +4Hz divided-by-2 (A34-5) equals 0, as detected by A33-3,4,5,6 
which goes to A19-10. 

(d) tenth scan line for a character row (+DOTA3->0 ** 1001) as 
detected by A20-ll,12,13 which goes to A19-12. 

The above inhibiting conditions (at A19-8, page 5) are also loaded into 
the flip flop A16-2,6 (page 5) with the +DCCAR pulse. The flip flop's 
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output clears the shift registers contents during the first dot time. 
(See Figure 5.5. ) 

Normally (when allowed to load) the 6 data bits (from D7-»0 of the char- 
acter generator) are shifted as shown in Figure 5.5. For the 7th dot 
time a 0 emanates from the shift register (QH, A2-13, page 5) . All bits 
are shifted into the two dot select flip-flops (A17-9,12 and A17-2,5) 
where one (A17-9, 12) is clocked by -CLK (at A17-11) , allowing that flip- 
flop to have the data from the shift register in advance of the other 
normally clocked flip-flops (A17-2,5) . This means that A17-9 has the 
"advanced" dot and A17-5 has the "normal" dot. 
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DISPLAY SIGNAL RELATIONSHIPS (VIDEO, BLANK, CURSOR, HSYNC) : The rela- 
tionships between the various signals that directly effect the display 
are shown in Figure 5.6. The top portion of the diagram has the relative 
character positions for the "display RAM", "character generation", and 
"displaying video" activities. (See Figure 5.3 for more details.) Shown 
in Figure 5.6 are the first few and last few character positions for a 
horizontal scan line. 

The following signals are controlled by CRT outputs: 

(1) RAM Accessing (display RAM address for indicated character) 

(2) -ADV BLANK (delay by 1 with respect to addresses) 

(3) CRV (delayed by 0 with respect to addresses) 

(4) HSYN (delayed by 1 with respect to addresses) 

The delays are as programmed into the CRT chip, see Section 5.2. -ADV 
BLANK is delayed one more character time (by A35-2,5, page 4, as clocked 
by 4-DCCAR) in order to line it up with displaying video. This +BLANK 
signal (A35-5) goes through an open collector driver (A14-12, 13, page 5) 
in order to blank the video. ADV BLANK and BLANK a^e used for addition 
gating functions as described in other parts of this section. Additionally, 
-ADVBLANK goes to the CPU's T1 input (A54-39, page 1) to permit synchron- 
ization with the video by the CPU for performing accesses to the display 
RAM without disturbing the display refresh. (See Section 5.3.) 

The cursor signal from the CRT Chip (A23-16, page 4) is delayed 2 character 
times (by A35-9 , 12 and A34- 1 , 12 , clocked by +DCCAR, page 5) to line it up 
with the video being displayed. The 4-CURSOR signal complements the normal 
video signal (using A21-l,2,3 and A21-4,5,6, page 5) including the effect 
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FIGURE 5.6: DISPLAYED VIDEO RELATIONSHIPS 



of the INVERT VIDEO bit (A28-6 to A21-2) of the control register. Addi- 
tional gating (at A18-ll,12, 13, page 5) permits optional (by installing 
jumper W25) 4 Hz flashing (on-off) of the video at the cursor position. 

For this option when the cursor is flashing "on" (A18-ll*0), the Zero- 
Intensity driver (A15-l,2,3, page 5) is disabled and "on" video is injected 
into the video signal (at A19-1, page 5) . During Zero-Intensity this 
causes video to be "on" (not because of the injected "on" video but be- 
cause the Zero-Intensity signal, A32-6, disables the video driver, A15-4, 

5,6, through an inverter, A33-1, 2, 12, 13) . During other (non-zero) inten- 
sities the cursor "on" causes the character position to have all dots 
"on" because of the injected "on" video. This causes the character's 
background to change (flash) to the same polarity as the character itself 
(which is already inverted once or twice by the +CURSOR signal and, possibly, 
by the INVERT VIDEO control bit). 

Horizontal sync (A23-15, page ) is programmatically delayed in the CRT 
Chip by 4 character times (1 for SYNC/ BLANK DELAY and 3 for HSYN DELAY, 
see Section 5.2) from the end of the last RAM address character position. 

With video being delayed 2 more character times a 2-character "front 
porch" is provided (see Figure 5.6 and Appendix B) . HSYN (A23-15) is 
inverted (A36-10, 11, page 4) to drive a one-shot (Al-2,3) which generates 
a horizontal drive signal (called +HSYNC) that goes to the video connector 
(P2-1, page 5). (-HSYNC is also used for other timing (on page 5) as 
described in the paragraph below that presents the video control register. ) 

VSYNC (A23-11, page 4) , which is inverted twice (A56-12,13 and A56-l,2, 
page 4) and driven (by A14-10, 11, page 5) onto -VSYNC (P2-5) , has the 
timing as described in Section 5.2 and Appendix B. (VSYNC signals are 
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also used for video control register timing, see below. ) -COMPSYNC (A23- 
10, page 4) is inverted (A15-ll,12, 13, page 5) and driven (by inverting 
driver A14-8,9, page 5) onto P2-6. • Its main use is to provide the com- 
posite sync to the multi-level video signal (by closing switch S2-10,ll 
and opening switch 82-1,20, page 5) . When the switch settings are made 
then P2-6 provides +TTL VIDEO in addition to a TTL composite sync signal. 

HALF-DOT-SHIFT LOGIC: As described in Section 5.3 each scan line of each 
character can specify a half dot shift characteristic for each the first 
3 dot positions and the last 4 dot positions. Dl (from A3-10, page 5) 
selects the half dot shift for the first 3 dot positions (Dl»*l selects the 
advance dots, Dl®0 selects normal dots . D0 (A3-9) selects the half dot 
shift for the last 4 dot positions . Section 5.3 shows a portrayal of 
the 4 possibilities . Dl and D0 are latched into A45-2,5 and A45-12,9 
(respectively) by +DCCAR (A42-3 to A45-3 and A45-11) which is the same 
time as when the shift register is loaded. The outputs of A45-5,6 deter- 
mine whether the normal or advanced dot is selected. The Q output (A45-5) 
enables (via A18-4,5,6) the advanced dot (from A17-9) . The Q output 
(A17-6) enables (via A18-l,2,3) the normal dot (from A17-5) . +DC2*»1 and 

+DC0“0 (inverted 'by A44-12, 13, page 5) cause (via A46-3,4,5,6 and A46-8,9, 
10,11) the selecting flip-flop A45-2,5) to take on the value of the flip- 
flop that stored the D0 value A45-9, 12) . This occurs between the 3rd and 
4th dot time (see Figure 5.1) causing the dot shift patterns shown in 
Figure 5.4. The dot-select gates (A18-4,5,6 and A18-l,2,3) have their 
outputs OR’d (with other signals at A19-2,4) to form the pre-complemented 
video signal at A19-6. 

IN-STREAM VIDEO CONTROL REGISTER: Six flip-flops implement a 4-bit control 
register that captures video control information from the display character 


- 48 - 



stream. As described in Section 5.3 the control information comes from 
the outputs of the pipeline latch (A4, page 5) and uses up 32 (of the 
possible 128) character encodings . A control character is denoted by 
having bits 6 and 5 equal to 0 (+DRD6 and +DRD5, A4-5,2) which is detected 
by the gate A22-l,2,3, page 5. The output of this gate (A22-3) is inverted 
(A44-l,2) to yield +CONTROL. The control register flip-flops are clocked 
by signals that are essentially the same as +DCCAR (see Figures 5.3 and 
5.5) but are enabled only under the following conditions: 

(1) +CONTROL is true; 

(2) valid characters are in the character stream at the pipeline 
register A4 (which is when the signal - AD V BLANK is high, see 
Figure 5.6); 

(3) the intensity control bits (+DRD3,2) require that +DRD4=1 to 
be clocked. 

These conditions are gated (using A43-12,3, A43-4,5,6, A43-8,9,10, 
A42-4,5,6, and A42-8,9,10, all on page 5) with +DCCARRY (at A43-5) and 
-CLK (at A42-4 and A42-10) to generate the clocking signals for the 
UNDERLINE (+DRD0) and INVERT VIDEO (+DRD1) bits (as clocked from A42-6) 
and the INTENSITY bits (+DRD3,2, as clocked from A42-8 which is inverted 
by A44-10, 11, page 5). 

CONTROL CODES: BIT 6 = 0 , BIT 5-0 
THEN START UNDERLINE BIT 0=1 
END UNDERLINE BIT 0-0 
START INVERSE VIDEO BIT 1=1 
END INVERSE VIDEO BIT 1=0 
IF ALSO BIT 4=1 THEN 

BIT 3 2 

START ZERO INTENSITY 0 0 

START FLASH (2Hz) 1 1 
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NORMAL 


BIT 3 2 

1 0 


NORMAL 0 1 

UNDERLINING: Bit 0 of control characters (+DRD0, A4-9) is clocked 
(A29-11) into the UNDERLINE flip-flop (A29-9.12, page 5). If +DRD0 - 1, 
then, to prevent the control character position itself < which is blanked, 
as described in the "SHIFT-REGISTER" paragraph above) from being under- 
lined, a second flip-flop (A28-9, 12) provides a one-character delay. 

The second flip-flop is clocked by +DCCAR at every character time. If 
+DRD0=0, then the output of the first flip-flop (A29-9) clears the second 
immediately (via A28-13) , causing the underline to disappear at the begin 
ning of a control character: 

+DRD0=1 =0 X' s are 

CTL CTL Displayed 

XXXXX mi XXXXXXX f~bl1 XXXXXX Characters 

Blanked 

Control Character Positions 

The actual underlining (as controlled by A28-9) is gated (at A18-8,9,10, 
page 5) with +10th Dot Row which indicates the last rastor scan line for 
a character row (as denoted by A20-11, 12, 13 and inverted by A80-l,2,3, 
page 5) . The output of the gate (A18-8) forces a video "on" condition 
(at A19-5) . (See also Inter-Scan-Line Storage, below. ) 

INVERTED VIDEO: Bit 1 of control characters (+DR01, A4-6) are clocked 
(A29-3) into the INVERTED VIDEO flip-flop (A29-2,5, page 5). As with the 
UNDERLINE flip-flop pair (described above) , the INVERTED VIDEO has two 
flip-flops (A29-2,5, and A28-2,5) which, when Bit 1=1, delay the effect 
on the video until the following character, but when Bit 1=0 they turn 
off the inverse video immediately (using the second flip-flop's clear. 
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A28-1). The actual Inverting (as controlled by A28-6) is exclusive 
OR'd with the +CURSOR signal (at A21-l,2,3, page 5) and the video signal 
(using A?l-4,5,6) . Thus the video may, in effect, be complemented 
twice, once by the INVERT VIDEO control and once by the +CURSOR signal. 

If the flashing cursor option (jumper W25) is not installed then the 
presence of the cursor at the end of an INVERT VIDEO field will cause 
ambiguity in visually determining the cursor position on the screen. 

(See also Inter-Scan-Line Storage, below. ) 

INTENSITY CONTROLS : When bit 4 (+DRD4, A4-14) of control characters 
equals 1, then bits 3 and 2 (+DRD3,2, A4-16, 15) are clocked (A31-3, 11) 
into the INTENS ITY control flip-flops (A31-2,5 and A31-9, 12, page 5). 

These flip-flops affect the intensity immediately when loaded . When bit 
3 (A31-5) and bit 2 (A31-9) both equal zero, this is detected (by gating 
A31-6 and A31-10 at A32-4,5,6, page 5) and causes a driver (A15-l,2,3) 
to zero the video. (This driver may be disabled at the cursor position 
at a 4 Hz on-off rate, if the flash cursor option, jumper W25, is installed. 
See CURSOR, above . ) When bit 3 and bit 2 both equal one, this is detected 
and gated with a 2 Hz square ware (at A33-3,4,5,6, page 5) in order to 
produce a video flashing (on-off) effect. The gate ' s output (A33-6) inhib- 
its and clears the dot shift register (via A19-10,8). (See SHIFT REGISTER, 
above.) Any other combinations of bits 3 and 2 (specifically bit 3,2, ■ 1,0 
or ■ 0,1) allow the normal intensity to be used. 

INTER-SCAN-LINE STORAGE OF CONTROL REGISTER: The register A30 (page 5) 
stores the CONTROL REGISTER values at the end of the 80th character at the 
10th scan line of a character row. At the beginning of each of the 10 scan 
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lines of the next character row the values in the storage register are 
loaded into the control register flip-flops. This allows UNDERLINE , 

INVERTED VIDEO , and INTENSITY controls to carry over from one character 
row to the next character row. The storage register (A30) is loaded at 
the end of the tenth scan line by gating -BLANK, 4ADVBLANK, and +10th 
DOT ROW (all at A33-8,9, 10, 11, page 5) which, when all equal to 1, define 
that the 80th character on scan line 10 is being displayed. The gate's 
output (A33-8) passes through A32-9,8 to provide one of the load enables 
for the storage register (A30-9) . The other load enable (A30-10) is 
driven true by -10th DOT ROW (A20-11 through A32-11, 12, 13) . In this way 
the storage register is loaded with the control register bits -BIT0 (from 
A29-8) , -BIT 1 (A29-6), -BIT 2 (A31-10, and +BIT 3 (A31-5) into storage 
register data input 4D, 3D, 2D, and ID (A30-ll,12,13,14) , respectively. 

Before loading the control register flip-flops at the beginning of each 
scan line, all flip-flops are set to their initialized condition by the 
-HSYNC (A36-10, page 4) signal: 

UNDERLINE (A29-9) is set to 0 (via A29-13) 

INVERT VIDEO (A29-5) is set to 0 (via A29-1) 

INTENSITY (bits 3,2 at A31-5,9) is set to 1,0 (via A31-4.13) 

The outputs of the storage register are enabled (A30-2) by the combination 
of +ADV BLANK and 4-BLANK (at A20-4,5,6) (except during VSYNC, see below) . 
These outputs go to the 4 control flip-flops causing them to preset or clear 
in a manner appropriate with the stored bit value. If a stored bit is high 
at the output then the corresponding flip-flop is not changed because the 
"initialized state" (see above) is already correct. If a stored bit is low 
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at the output then the flip-flop is forced to the opposite of the "initial- 
ized state". The flip-flops end up in the state indicated by the storage 
register: 


NAME 

BIT # 

INITIALIZED 

VALUE 

STORAGE 

REGISTER 

VALUE 

FINAL FLIP-FLOP 
VALUE 

UNDERLINE 

0 

0 

(- -BIT0) 

0 

1 





1 

0 

INVERT VIDEO 

1 

0 

(» -BIT1) 

0 

1 





1 

0 

INTENSITY 

2 

0 

(- -BIT2) 

0 

1 


3 

1 

(- +BIT3) 

0 

0 





1 

1 


Figure 5,7 Storage Register Value 

Additionally, during vertical blanking, the signal -VSYNC (A36-12, page 4) 

causes (through A32-8,9,10 and A32-ll,12,13) both enables (A30-9,10) of the 
storage register be driven true. +VSYNC (A36-2) forces the storage regis- 
ter' s outputs to be disabled (at A30-1) . This causes the control flip-flops 
to stay in their initialized state as forced by -HSYNC (from A36-10, page 4, 
to A29-1, A29-13, A3 1-4, and A31-13, page 5). This also causes the storage 
register to have the same values . Following VSYNC these values are: 

UNDERLINE - 0 

INVERT VIDEO » 0 

INTENSITY - 1,0 (i.e., NORMAL) 

HALF-INTENSITY (-"PROTECTED" by firmware) : Bit 7 of every character (A4-12, 
+DRD7, page 5) controls whether or not that character is displayed with 
half intensity. At the same time the shift register is loaded 4DCCAR (A42-3, 
page 5) loads (A16-11, page 5) +DRD7 (A16-7) in a flip-flop whose output 
(A16-9) is driven (by A15-8,9,10) through 510 ohms (R9) to the combined video 
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node. With the driver's output (A15-8) low the combined video is loaded 
down more, causing the intensity level, if any, to be reduced. 


COMBINED VIDEO: The following open-collector drivers make up the combined 
video signal (A15-6, page 5): 

Half intensity A15-8 through 510 ohm, R9 

Zero intensity A15-3 

Video (Dots) A15-6 

BLANK A 14- 12 

FORCE BLANK A 14 -2 


+F0RCE BLANK'S dr iver (A14-l,2) allows the CPU to blank the screen at any 
time (to avoid unsightly display effects, for example, during massive dis- 
play data accesses) . The CPU writes a 1 in bit 5 to external data (memory 
mapped I/O) address 40CH to cause the screen to blank. (See Section 2.4.1.) 

For video wi thout sync signals switch S2- 1 a 20 is opened and switch S2-10, 11 
is closed. Resistors R2 and R3 (510 ohms and IK ohm) provide the level 
pullup capability. The emit ter- follower implementation of Ql provides a 
high input impedance and a low output impedance which drives (through R4, 

68 ohms) +VIDE0 (P2-4) . A convenient ground signal is provided on P2-3 . 

For composite video (i.e., video with sync signals) switch S2-l,20 is closed 
and switch S2-10,ll is opened . This puts a 260 ohm resistor (Rl) in series 
with the previous combined video which prevents zero intensity from reaching 
as low a level at S2-1. Closing S 2- 1,20 allows composite sync (A14-8) to 
cause the lowest level in the new video signal. This "TIL" driven video 
signal is output on P2-6 +TTL VIDEO. As above , the signal is driven by 
the emitter follower (Ql) to drive +VIDE0 (P2-4) . 
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6 . COMMUNICATION OPERATION 


6.1 Baud Rate Generation 

The baud rate frequencies for the computer (P3) and printer (P4) serial 
communication interfaces are determined by the counters and switches 
shown on page 6 of the schematics. The input clock is TDC1 (A57-13, page 
4), which is an asymmetrical 3.402 MHz signal (see Figure 5.0). The 
first counter (A73, page 6) divides this by 11 to yield a 309,273 Hz sig- 
nal (A73-11) suitable for the 19,200 baud rate. Counter A70 and A71 
each provide 4 levels of dividing by 2 to yield clocks for 9600 down to 
75 baud. Counter A72 divides A70's output by 11 to yield (at A72-11) a 
clock suitable for 110 baud. 

Switch SI selects the baud rate for the computer (P3) port by enabling 
one (and only one, as enforced by the user) signal to A74-9 (page 6). 

(See Section 3's table for switch settings.) Switch S3 does the same for 
the printer (P4) port by enabling one signal to A74-2. The CPU selects 
one of these two signals with +SELLPT (A74-l,2,3) the printer port and 
-SELLPT-1 enables (at A74-8,9,10) the computer port. +SELLPT is controlled 
by the CPU as bit 4 in memory mapped I/O port 40CH. (See Section 2,4.1.) 
The selected baud rate results in +BAUD GEN (A47-ll,12,13) which goes to 
the UART (A48-12.40, page 2). 

6.2 UART Operation 

Details of the UART chip's (A48, page 2) internal operation are given in 
its specification in Appendix C. Section 2.4.2 presents programmer- leve 1 
1/0 information. 
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UART I/O Interface: Three I/O ports (2 read and 1 write) are used to 
interface the CPU to the UART. The data write port (address 408-H) is 
enabled by address decoder output 2 (A58-3, page 1) which goes to the 
UART' s - DS (A48-23, page 2). When pulsed (as per Section 2) on this 
input the UART receives a byte on CPU data J.ines (+DB7->0) which are 
connected to UART inputs DB8-»0 (page 2). The data read pulse, -RDE 
(address 40810, from the decoder (A58-6) enables (RDE, A48-4) the UART ' s 
read outputs (RD8->L) onto the CPU data bus (+DB7-» 0, respectively) . 

-RDE also pulsed the UART's reset Data available input (A48-18) . The 
status word enable read pulse, -SWE (address 404H) , from the decoder 
(A58-7) enables (48-10) four status bits onto the CPU data bus: 

FE, Frame Error, from A48-14 to +DB3 

PE, Parity Error, from A48-13 to +DB2 

TBMT, Transmit Buffer Empty, from A48-22 to +DB1 

DTA, Data Available, from A48-19 to +DB0. 

UART SWITCH CONTROLS : Five switches provide operational control over the 
UART, see Appendix C and Section 3: 


S2-5, 

16 

Parity 

A48-35 

S2-6, 

15 

Stop Bits 

A48-36 

S2-7, 

14 

Number of Bits 

A48-38 

S2-8, 

13 

II M If 

A48-37 

S2-9, 

12 

ODD/ EVEN PARITY 

A48-39 


The -HALF DUPLEX signal goes directly into the CPU (A54-38, page 18, from 
8 witch S2-3,18) . It is not implemented with the UART, but by the firmware. 
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UART RESET: The CPU resets the UART by pulsing the -PROG pin (A54-25, 
page 1) which is inverted (by A67-l,2, page 1) yielding 4R.ESETUART to 
drive the UART's MR input (A48-21, page 2). 

UART SERIAL OPERATION: As described in Appendix C the UART uses the 
receive and transmit clocks, (A48-17,40) at 16 times the baud rate, to 
transmit data (A48-25) and receive data (A48-20) . The clock is as 
selected in the BAUD RATE GENERATION logic (+BAUDGEN, A74-11, page 6; see 
Section 6.1). 


6.3 SERIAL INTERFACES 

The computer and printer serial interfaces can be either RS232C-type 
levels or current loop. The serial data is transmitted as both RS232 and 
current loop (for the selected interface) . Two switches must be set to 
select which type of data will be received on the computer port: 

Receive RS232C on P3-3 — Close S5-6,9 
Receive Current Loop on P3-12,24 — Close S5-7,8 
(only one switch should be closed) . 

6.3.1 RS232 Operation : 

COMPUTER PORT, P3: 

Receive Data is input on P3-3 (by A60-12, page 2) and passed through 
switch S5-6,9 to the UART (A48-20) . (See also Section 6.3.3 for P6) . 

Clear to send is input on P3-5 (by A60-8,10) yielding -CTS which the CPU 
can input on T0 (A54-1, page 1) . (See also Section 6.3.3.) 
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A "Data Carrier Ready" signal can be selectively Input on P3-6 (as 
switched by S5-l,14) or on P3-8 (as switched by S5-2, 13) . With both 
switches open 3.3KJC1 resistor (R32) pulls the input to +12V, the true 
condition. The output of the RS232 receiver (A60-11, page 2) becomes 
-DCR which the CPU can read on port 2 bit 5 (45-36, page 1). (See also 
Section 6.3.3.) 

Transmit Data for the computer RS232 port is driven to P3-2, TXD, (by 
A59-4,5,6, page 2) . The input to the driver (A59-4.5) is enabled (at 
A61-4,5,6) by the control signal -SELLPT (A62-4 to A61-5) which, before 
inversion (by A62-3,4) , is +SELLPT as output by the CPU on bit 4 of 
memory mapped I/O port 40CH (See Section 2.4.1). When -SELLPT disables 
the transmit port (-SELLPT low) the output (at A59-6, P3-2) is kept low 
(defined by the RS232C specification as the "OFF" , marking condition, or 
binary 1 condition. ) -BREAK (A47-10, page 1, CPU output to 40CH bit 3) 
when true (low) can force (via A61-ll,12,13, page 2) the transmit data to 
the spacing condition (RS232 is positive, defined as "ON") if enabled (at 
A61-4,5,6) by -SELLPT being high. The data signal itself (at A61-12) comes 
from the UART's -TXD output (A48-25). (See also Section 6.3.3 for P6.) 

The CPU controlled -RQS signal (A47-7, page 1, CPU output to 40CH bit 2) 
is the source for driving (using A59-2,3, page 2) the RTS signal at P3-4. 

By closing switch S5-3, 12 this driver will also drive DTR at P3-20. Alter- 
natively, DTR could be pulled permanently to the "ON" (positive) state 
by closing switch S5-4,ll (and leaving S5-3.12 open) . 

Pin P3-7 is ground on the RS232 computer port. 
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PRINTER PORT, P4: 

The RS232 printer port has no serial data receive capability. However 
+PRTRDY (P4-20, page 2) is received (by A60-4,6) and sent to the CPU as 
-PRTRDY (A60-6, page 2) on CPU port 2 bit 6 (A54-37, page 1). If P4-20 
is left disconnected, then a 3.3KA resistor (R18) pulls the signal to 
the ON state. 

Transmit Data for the printer RS232 port is driven to P4-3, PRT DATA (by 
A59-8,9,10, page 2). The input to the driver (A59-9,10) is enabled (at 
A61-8,9,10) by the control signal +SELLPT (A47-12, page 1) which is output 
by the CPU on bit 4 of output location 40CH (See Section 2.4.1). The 
transmit data is otherwise controlled by +SELLPT and -BREAK in the same 
manner as described above (for -SELLPT and -BREAK) for the computer RS232 
transmit data, above. The data, as above, originates from the UART' s -TXD 
(A48-25) . 

The RS232 printer port also drives (with A59-ll,12,13) P4-6 (by installing 
jumper W12) and/or P4-8 (by installing jumper W13) with the CPU controlled 
signal -RQS (A47-7, page 1, CPU output to 40CH bit 2). 

Pin P4-7 is ground on the RS232 printer port. 

6.3.2 Current Loop Operation 

COMPUTER PORT, P3: The computer has both transmit and receive current loop 
interfaces. The receive circuit uses an opto isolator (4N37 at A6-3, page 2) 
to receive a current loop with current (conventional) entering at P3-12 
(RXDl) and leaving at P3-24 (RXD2). Adiode (D2) provide a reverse current 
path. The opto-isolator* s output (A63-5) feed an inverted (A62-10,ll), the 
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output of which (when passed by a closed S5-7,8 switch) provide the 
UART with serial input data (A48-20) . (Note that the RS232 switch S5-6,9 
should be open during current loop operation) . The current loop receiver 
circuit is very low impedance such that the equipment driving this input 
must limit the current, to not more than 40 mA (with a 20 mA minimum) . 

The current loop driver for the computer port is opto-isolated (A65,4N33) 
also. Its source (via A62-5,6) is the same as what is input to the RS232 
driver, causing it to parallel that pin's actions (See Section 6.3.1). A 
completely isolated output is provided at P3-25 (TXDl) and P3-13 if 
jumpers W14 and W16 are installed (and jumpers W15, W17, and W6, and 
resistor R28 are not installed) . Alternatively by installing R28, W6, W15, 
and W17, a current (limited by R28) can be driven into P3-25 (TXDl) and 
returned to ground at P3-13 (TXD2) . 
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7. KEYBOARD OPERATION 


The keyboard matrix is driven on connector PI (pins 8 to 15) by the CPU 
with bits 7 to 0 of port 1 (A54-34 to 27), page 1). The twelve inputs 
are received by multiplexers (with all of A69 and A68-9 to 15, and 2, page 
1) to be received by the CPU via the four memory-mapped input locations 
40C, 40D, 40E, and 40F (Hex) as described in Section 2.4.3. This is done 
using the 40C decoder output KBRD (A58-9, page 1) and +A1 and +A0 (at 
A69-2,14 and A68-2, 14) , causing the multiplexers to output data on +DB0 
(A69-9) , +DB1 (A69-7), +DB5 (A68-9). Additionally for all addresses 
40C to 40F separate switches from the keyboard are input on the following 
bits: 


+DB2 

Pl-5 

FUNC 

(using A76-ll,12) 

+DB3 

Pl-6 

CTL 

(using A76-13, 14) 

+DB4 

Pl-4 

SHFT 

(using A76-2,3) 

+DB5 

Pl-3 

ALPHA 

(using A76-4,5) 


See also Section 2.4.3 for CPU interface usage and Appendix C for the 
standard keyboard matrix expected on the interface. 
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CONTROL BOARD, TVI -912/920 TERMINAL 


NOMENCLATURH/DHSCR I l’T 1 ON 
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i 

Cap DIP Mica lOpf 100D03 

2024100 

Cap R/L 22uf 15V 
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Cap R/L luf 15V 

2027901 

Cap C/D . Oluf 20% 16V 
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Cap C/D .Oluf 10% 50V Y5P 
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IC 74S00 
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Connector RS232 R/A 
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Socket IC 18 Pin 
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Socket IC 24 Pin 
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Socket I C 24 Pin 
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Socket IC 14 Pin 

2098403 

XI 

Cry 23.814 MHz Fundamental 
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Plug 2 Pin 
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MODEL 910 THEORY OF OPERATION 


4.1 


OVERVIEW 

The Model 910 terminal is a microprocessor-based product which 
employs a maximum of standard large-scale integration (LSI) 
circuits. This design approach helps simplify the printed 
circuit board and provides for a large degree of maintainability. 
Because the terminal is microprocessor based, with all com- 
munications and keyboard functions firmware controlled, the 
terminal's operation is quite easy to modify. 

The microprocessor is, after initialization, totally interrupt 
driven, i.e., the microprocessor is normally idling unless it 
receives an interrupt, which is an input to the microprocessor 
indicating that data is available which must be processed. This 
operation is described in Section 4.6. 


4.2 


VIDEO CLOCK 

The most basic block in the circuit is the video (or dot) clock. 
The frequency of the video clock is 13.608 megaHertz, produced by 
a crystal-controlled oscillator formed by part of Chip A22, the 
crystal Y2, and several other passive components (see Sheet 3 of 
the schematic ) . 

This clock is used to shift video information out of a shift 
register (see Section 4.7) and is divided down to create the 
system clock. 

System Clock - The system clock is created by dividing the video 
clock by eight to derive a system clock frequency of 1.701 mega 
Hertz. This function is performed by a presettable four-bit 
binary counter (A15, sheet 3) as follows: When the counter 
reaches its terminal count 15 or F , the next positive 

10 16 

transition of the video clock loads a count of eight into the 
counter. This happens every eight counts of the video clock. 

The QC output of the counter is high for four counts and low 
for four counts, and is used to provide a symmetrical clock 
for the microprocessor system. 

Keyboard Clock - The keyboard controller (Al, Sheet 5) has a 
self-contained oscillator which provides a clock for scanning 
the keyboard matrix. The frequency is controlled by C53 and 
R26, which are selected to produce a frequency of approximately 
80 kiloHertz. 

Baud Rate Clock - The communications baud rate clock is internal 
to the asynchronous communications interface adapter (ACIA) chip 
(A19, Sheet 4). Using a 1.8432 megaHertz crystal, the ACIA 
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(under firmware control ) provides all of the 15 baud rates 
possible for the Model 910 . 

4.3 


ADDRESS DECODING 

The 6502A microprocessor is capable of addressing 65 ,536 bytes 
of memory . The Model 910 uses only a fraction of this capa- 
bility , allowing a rather simple decode. The entire range of 
the 6502 is divided into four sections of 16,384 bytes each . 

The lowest section is reserved for system RAM, of which only 
1024 bytes are used . The next highest section contains display 
RAM , of which only 2048 bytes are used . The second highest 
section is used for input/output parts , of which only 14 are 
used; the highest section contains system ROM, which is 4096 
bytes ( expandable to 8192 bytes ) . 

Dividing the address range into four sections is accomplished 
using a 1 of 4 decoded (A17, Sheet 1 ) connected to address lines 
A14 and A15 . 

4.4 

TERMINAL MEMORY 

System ROM - System ROM consists of a single 4096-byte ROM ( A45 , 
Sheet 1). This chip is selected when the microprocessor is 
addressing within the range of C000 - FFFF. Since there is no 

16 16 

other memory located in this range , it " looks like" F000-FFFF , 
which is the upper-most 4096 bytes of the address space . 

It is possible , by moving a jumper and using a larger chip, to 
increase the system ROM to 8192 bytes. 

System RAM - System RAM consists of 1024 bytes ( A50 and A51 , 
Sheet 1 ) of static RAM. These chips are selected when the 
microprocessor is addressing within the range of 0000 - 3FFF. 

16* 

Again , since there is no other memory within this range, system 
RAM has an effective address range of 0000 - 03FF 

16 16 

4.5 


DISPLAY FUNDAMENTALS 

The circuitry required to display data on the CRT other than the 
video circuitry (covered in 4.7) is divided into three sections : 

o Display memory 
o Character generation 
o CRT Controller (CRTC) 


2 



The display memory consists of 2048 bytes of high-speed static 
RAM, which is 128 bytes more than required to store one screen 
(24 rows of 80 characters) or 1920 characters. These chips 
(A30, A31, A36, and A37, Sheet 2) are accessed by two sources: 
the microprocessor and the CRTC. 

The CRTC causes a "read" of a location within the display RAM 
once during each cycle of the system clock, cycling completely 
through the memory ten times each frame (60 frames per second). 
This operation is called "screen refresh". 

The data stored in the display RAM is changed or updated by 
the microprocessor as necessary due to keypresses or receipt 
of data from the computer. To allow for addressing the display 
RAM from two sources without effects on the screen, the address 
outputs from the microprocessor and the CRTC are connected to 
the display RAM through multiplexers- ( A25 , A32, and A38, Sheet 
2 ) which connect the CRTC ' s address lines during the first half 
of the system clock and the microprocessor address lines during 
the second half of the system clock. 

When the CRTC addresses a location display RAM, the contents 
of the location being addressed are latched by a byte-wide 
latch ( A43 , Sheet 3). The output of this latch connects to 
the address line of a characger generator ROM ( A48 , Sheet 3 ) 
which contains data necessary to form characters on the screen. 
The data from the character-generator ROM is loaded into a 
shift register ( A49 , Sheet 3 ) and shifted out, one bit at a 
time , by the dot clock for use by the video circuitry. 


4.6 


INTERRUPT SIGNALS 

As mentioned in the Overview section , the microprocessor is 
entirely interrupt driven in the Model 910 . An interrupt is 
merely an input to the microprocessor which tells it to com- 
plete its present operation and then go to another location 
in the program . The microprocessor will respond to an 
interrupt within eight system clock period (or 4 . 7 micro- 
seconds ) . 

There are two types of interrupts to the 6502: 
o Maskable (IRQ) 
o Nonmaskable (NMI ) 

The maskable interrupt can be disabled by the program, while 
the nonmaskable interrupt cannot. Therefore the nonmaskable 
interrupt has priority over the maskable interrupt. 

In the Model 910, NMI is used for an interrupt from the key- 
board encoder (Al, Shee± 5). When a key is pressed, the key- 
board encoder senses it, times a delay for debounce, and pre- 
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sents data on its data outputs . When this data is ready , the 
data ready output ( Al , pin 1G) is pulsed , setting a flip-flop 
( A7 , Sheet 4 ) causing an NMI . During the NMI , routine data 
from the keyboard encodes is read and the flip-flop is reset. 

IRQ is also used and is caused by two sources: the ACIA 
( A19 , Sheet 4 ) and the vertical sync from the CRTC which occurs 
60 times per second ( if set for 60 Hertz operation ) . The inter- 
rupt from the ACIA indicates there are data to be sent to or 
received from the computer. The interrupt from the CRTC is 
used to time intervals used for repeat key , blinking , bell , etc. 
The IRQ from the ACIA is produced by its IRQ output . Vertical 
sync from the CRTC sets a flip-flop ( A40 , Sheet 4 ) which causes 
an IRQ. During the IRQ routine , the ACIA is checked to see if 
it has caused the interrupt . If so , the ACIA is serviced and 
data sent or received, after which the processor returns to where 
it was prior to the interrupt. If not, then the CRTC must have 
caused the interrupt. 

4.7 

VIDEO GENERATOR 

Control signals for the CRT monitor are generated by the CRTC , 
the attribute latch , and the output of the shift register 
mentioned in 4.5. 

The CRTC generates the horizontal sync pulse and vertical sync 
pulse which define the horizontal and vertical dimensions of 
the display. 

Through an amplifier in the monitor , the video output controls 
the electron beam in the CRT ( turns it on and of f ) . This is 
created by the stream of bits coming out of the shift register 
which combine with the attributes , cursor , and display enable , 
outputs from the CRTC, and the black on white/white on black 
control . This circuitry is shown in the top half of Sheet 4 of 
the schematic . 
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APPROVED 
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HORIZ. SYNC 

SYS RESET 

CURSOR 
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TITLE 


PCB ASSY CONTROL BOARD 910 


NOMENCLATURE/ DESC R I PT I ON 


PART NUMBER/REMARKS 


IC 74S74 

IC NE 555 

IC 6502A Micro 

IC 74LS139 

IC 74LS138 

IC EP 32K 350ns Sys Prg 910 
IC ROM 32K 450ns Char Gen 

910 

IC 74LS245 

IC 2114ICB RAM 

IC 6116 RAM 150ns 

IC 74LS374 

IC 74LS166 

IC Encoder Kybd 910 

IC 74LS367 

IC 74LS74 ( T I , S I G ) 

IC 75189AN 

IC 75188N 

IC SY6551A- 1 2MHz (SYN , AMI ) 
IC 74LS174 


2026400 

2030200 

2049600 

2027200 

2041000 

8000020 

8000016 


2036200 

2035800 

2049200 

2029000 

2027800 

2051800 

2028600 

2026600 

2029400 

2029200 

2053000 

2028200 
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FIND 

NO. 

QTY PER ASSM/REV LEVEL 

REFERENCE/ 

DESIGNATOR 
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24 

l 









A28 

25 

i 









A4 7 
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A25 ,32 ,38 
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A4 2 


34 
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35 

4 
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R9, 10, 11, 22 
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1 
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1 
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2 
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NOTES : 
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title 


PCB ASSY CONTROL BOARD 910 


NOMENCLATURE/ DESCR I PT I ON 


IC 74LS00 

IC 74LS08 

IC 74LS32 

______ _____ 

__________ 

IC 74LS86 
IC 74LS04 
IC 74S04 
IC 7406 
IC 74LS163 
IC 68B045 CRT Contr 
2 MHz 

IC 74LS157 

______ _ ~ 

Res CF 3.3K .25W 5% 
Res CF 4.7K .2 5W 5% 
Res CF 47K .25W si 
Res CF 1M . 2 5W 5% 
Res CF 100K .25W 5% 
Res CF 270 . 25W 5 l 
Res CF 750 .25W 5% 


/ROM 


PART NUMBER/REMARKS 


2024200 

2025200 

2025800 

2025400 

2041600 

2026800 

2024800 

2024600 

2034800 

2027600 

2052600 


2027400 

2044600 

2052700 

2053100 

2033700 

2031500 

2032100 

2051300 

2031700 
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El NO 
NO. 


QTY PER ASSM/REV 

LEVEE 

REFERENCE/ 

DESIGNATOR 
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26.27 
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R2 

44 

2 









R6 ,16 

45 

3 









R19 ,20 ,23 

46 

1 









R18 

47 

1 









R17 

48 

3 









RP2 ,3,4 

49 

1 









RP1 

50 

1 









C30 

51 

3 









C3,20 ,37 

52 

1 









C14 

53 

3 









C22 ,23 ,28 

54 

1 



. 







55 

1 









C35 

56 

1 




_____ . | 
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57 

4 









C2 ,11 ,13 ,19 

58 

4 









C5-8 

59 

19 
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NOTES: 
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TITLE 


PCB ASSY CONTROL BOARD 910 


NOMLNCLATURL/DLSCR I PT I ON 


PART NUMBER/REMARKS 


Res CF IK . 2 5W 5% 

Res CF 2 2 . 2 51V 51 " 

Res CF 66 . 25W 51 
Res CF 330 . 2 5W 5% 

Res CF 470 .25W 5% " 

Res CF 1.8K .25W 51 

Res Pk IK 10P SIP 

Res Pk 4.7K 10P SIP 

Cap Mica lOpf 

Cap Elect 22uf 15V 

Cap Elect lOuf 16V 20% 

Cap Cer .Oluf 

Cap Tant lOuf 25V 10% 

Cap Mica 20pf 

Cap Mono .039uf 50V 10% 

Cap Tant 4 . 7uf 16V 10% 

Cap Cer 330pf 50V 20% 

Cap Cer . luf 50V 10% 

_______ 



2033500 

2051100 

2051500 

2051700 

2052300 

2040500 

2041300 

2024100 

2025700 

2027300 

2028700 

2027100 

2024300 

2030300 

2027500 

2029100 

2030100 

2047500 


































































































QTY P I; R ASSM/RHV LP.VF.P 



77 

2 

78 

1 


REFERENCE/ 
des I GNATOR 


NOMENCLATURE/DESCRI PTION 


PART NUMB PR /REMARKS 



Tran 2N4401 NPN/Silicon 


2045500 



Y2 

Cry 13.608 MHz 

2098605 

Y 1 

Cry 1.8432 MHz 

2098602 



SI ,2 


SW 10 Pos DIP/20P Sid Ad 


2096800 



X (A2 ) ,45,48,24 i Socket IC DIP 24P 


Socket IC DIP 40P 


P2 ,5 


7 


2098401 


2098402 


2098404 


Conn 25P PCB D-Sub Fern 

2097800 

Plug 26P RT 3 

2098701 

Plug 5P STR Waf 

2098802 

Plug 2P STR Waf 

2098800 


NOTTS : 


PAGE 4 OF 4 


1TI,P 


PCB ASSY CONTROL BOARD 910 


1-14-83 































































I TIIM / 

FIND 

NO. 

QTY PER ASSM/REV EEVEE 

REFERENCE/ 

DESIGNATOR 

NOMENCLATURE/DESCR 1 FT i ON 

PART NUMBER/REMARKS 

A 









i 













2 













3 













4 













5 

1 









A4 

IC 

NE 555 

2030200 

6 

1 









A27 

IC 

6502A Micro 

2049600 

7 

1 









A30 

IC 

74LS139 

2027200 

8 

1 









A3 7 

IC 

74LS138 

2041000 

9 

1 









A38 

IC EP 32K 350ns Sys Prg 910 

8000020 

10 

1 









A17 

IC 

ROM 450ns Char Gen 910 

8000016 

11 

1 







- 


A14 

IC 

74LS245 

2036200 

12 

2 









A31 ,32 

IC 

2114 ICB RAM 

2035800 

13 

1 









A13 

IC 

6116 RAM 150ns 

2049200 

14 

1 









A12 

IC 

74LS374 

2029000 

15 

1 









A18 

IC 

74LS166 

2027800 

16 

1 









A1 

IC 

Encoder Kybd 910 

2051800 

17 

5 









A3 ,5,6,8,33 

IC 

74LS367 

2028600 

18 

2 









A16 ,36 

IC 

74LS74 

2026600 

19 

1 









A10 

IC 

751 8 9 AN 

2029400 

20 

1 









A9 

IC 

75188N 

2029200 

21 

1 









A15 

IC 

SY6551A-1 UART 2MHz 

2053000 


NOTES : 
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DATE 


r in. i; 


PCB ASSY CONTROL BOARD 910 GATE ARRAY 


1-13-83 


Sfr TeleVideo Systems, Inc. 







































































































1 TFM/ 

FIND 

NO. 

QTY PER ASSM/REV LEVEE 

REFERENCE/ 

DESIGNATOR 


A 










1 









All 


25 

1 


■ 

I 






A29 


24 

1 



■ 






A2 8 


25 

1 









A54 


26 

1 




■ 

■ 




A22 


27 

1 









A24 


E9 

1 









A5 5 


mm 

1 









A21 


50 

1 









A7 


mm 

D 









mBBi 


52 

1 









A20 


55 

5 









A19 ,25 ,26 


54 












55 












ESI 












57 













1 









R6 


59 

8 





i 

1 



R9-15,18,24,25 


40 

1 





i 




R7 


41 

1 



■ 

■ 





R8 


42 

1 

i 



_j 

i 




R2 



NOTES: 
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TITLE 


PCB ASSY CONTROL BOARD 910 GATE ARRAY 


NOME.NCLATURE/DESCR I PT I ON 


PART NUMBER/REMARKS 


IC 74LS174 

2028200 

IC 74LS00 

2024200 

IC 74LS08 

2025200 

IC 74LS52 

2025800 

IC G/A 910/925 

2057400 

IC 74LS02 

2041600 

IC 74LS04 

2024800 

IC 74S04 

2024600 

IC 7406 

2054800 

IC 74LS165 

2027600 

IC CRT Cont SY6545A-1 

2052800 

IC 74LS157 

2027400 


Res CF 3 . 3K 1/4W 51 
Res CF 4.7K 1/4W 5% 
Res CF 47K 1/4W 5% 
Res CF 1M Ohm 1/4W 5 
Res CF 100K 1/4W 51 


2052700 

2055100 

2055700 

2051500 

2052100 


ft/MeVideo Systems, Inc. 
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title 


PCB ASSY CONTROL BOARD 910 GATE ARRAY 


NOMENCLATURE/DESG R I PT ION 


PART NUMBER/REMARKS 


Res CF 270 Ohm 1/4W 5 % 
Res CF 750 Ohm 1/4W 5% 

Res CF IK 1/4W 5% 

Res CF 22 Ohm 1/4W 5% 
Res CF 68 Ohm 1/4W 5% 
Res CF 330 Ohm 1/4W 5% 
Res CF 470 Ohm 1/4W 5% 
Res CF 1.8K 1/4W 5% 

Res CF 33 Ohm 1/4W 5 % 
Res CF 10K 1/4W 5% 

Res Pk 4.7K Ohm 10P SIP 
Res Pk 4.7K Ohm 8P SIP 


Cap Mica lOpf 50V 5% 

Cap Elec 22uf 15V -10% to 

+ 100 % 

Cap Elec lOuf 16V 20% 

Cap Cer .Oluf 16V 20% 

Cap Cer . luf 50V 10% 


2051300 

2031700 

2052100 

2033500 

2051100 

2051500 

2051700 



2042900 


2024100 

2025700 

2027300 

2028700 

2030100 
































































































REFERENCE/ 

DESIGNATOR 

NOMHNCLATURE/PESCR I PT ION 

PART NUMBER/REMARKS 

Cl 

Caj 

3 Mica 20pf 50V 101 

2024300 

C8 

Ca] 

3 Mono . 039uf 50V 101 

2030300 

C19 

Cai 

3 Tant 4. 7uf 16V 10% 

2027500 

CIO -17 

Ca] 

3 Cer 330pf 50V 20% 

2029100 

C20 

Ca] 

3 Tant 10u£ 25V 10% 

2027100 



Ql,2 


Tran 2N4401 NPN/Silicon 


TITLE 


DAT!: 



PCB ASSY CONTROL BOARD 910 GATE ARRAY 


1-14-83 


2045500 


Y 2 

Crystal 13.608 MHz 

2098605 

Y1 

Crystal 1. 8432 MHz 

2098602 



A13 ,17 ,38 

Socket IC, 24 Pin 

2098401 

A1 ,20 ,22,27 

Socket IC, 40 Pin 

2098402 

A15 

Socket IC, 28 Pin 

2098404 
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TITLE 


PCB ASSY CONTROL BOARD 910 GATE ARRAY 


NOMENCEATURE/DESCRI PTION 


PART NUMBER /REMARKS 


Socket IC, 16 Pin 

2098405 

Conn 25P PCB D-Sub Fem 

2097800 

Plug 26P RT 3 

2098701 

Conn 5P STR Wafer 

2098802 

Conn 2P STR Wafer 

2098800 



date; 


1-14-83 


ft TfeleVideo Systems, Inc* 





































VIDEO MONITOR/POWER SUPPLY 
SCHEMATICS AND PARTS LIST 


TeleVideo Systems, Inc. 

1170 Morse Ave., Sunnyvale, CA 94086 
(408) 745-7760 TWX 910-338-7633 TVI VIDEO 



( 



VIDEO MONITOR MODULE 



HEAT SINK (B) 


UNREGULATED 
DC OUT PUT 



POWER SUPPLY MODULE 




V- HEIGHT 


V - LINEARITY 
















TR WAVEFORM and VOLTAGE 



Transistor 


Locat Funct 

. Parts 

- ion - ion 


BaseCIn) 


Collector C Out ) 


Regula 
- tion 



(IC 1 3 LAS1512 


CIC 2) 


CIC 3) LAS 


CIC 4) LAS15CB 


Q 102 2 SC 509 


Q103 I 2SC983 


■ 

9' 

DC 

V 

EH 

0.0 

0.0 


Emitter(GND) 


Wave 

Form 


Q 202 2SC372 


Q 203 2SC1173 


Q 204 2SM73 


Q301 2SC735 


Q 302 2SC2233 


Q 501 2SC9B3 


Vert Prer 
Drive 
Vert 
Drive 
Vert 
Out 
Vert 
Out 
Horiz 
Drive 
Horiz 
Out 

Video 

Amp 


D 302 DS-113A Dampi 



DC Voltage reading taken with VTVM from point indicated to chassis ground. 

AC Voltage reading taken with Oscilloscope from point indicated to chassis ground 


















( 



ITEM/ 

FIND 

NO. 

QTY PER ASSM/REV LE.VEE 

REFERENCE/ 

DESIGNATOR 










1 










RIO 1 

2 










RIO 2 

3 










R105,106,208 

4 










R107 

5 










R108 

6 










R109 , 20 1 , 20 5 

7 










R110 

8 









|| 

R20 2 

9 










R203 

10 










R204 ,212 ,213 

11 










R 2 0 6 , 5 0 3 

12 










R207 

13 










R209 ,505 

14 









■ 

R210 

15 










R211 

16 










R214 

17 










R30 1 

18 










R501 

19 










R502 

20 










R504 

21 



; 




; 



R506 


NOTES: ' 
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TITUi 


VIDEO MONITOR AND POWER SUPPLY PARTS LIST 


NOMENCLATURE/ DESCR 1 PT I ON 

PART NUMBER/REMARKS 

2.2M Ohm 1/2W CFR 

2186500 

390 Ohm 1/2W CFR 

2186100 

4.7K Ohm 1/4W CFR 

2053100 : 

3.9K Ohm 1/4W CFR 

2177400 

27K Ohm 1/4W CFR 

2037300 

2.7K Ohm 1/4W CFR 

2038300 

30K Ohm 1/4W CFR 

2039300 

100K Ohm 1 / 4 W CFR 

2032100 

2. 2K Ohm 1/4W CFR 

2038700 

0.6 Ohm 2W Wire Wound Res 

2177100 

820 Ohm 1/2W CFR 

2186200 

6.8K Ohm 1/4W CFR 

2039100 

47K Ohm 1/4W CFR 

2033700 

330 Ohm 1/4W CFR 

2051500 

150 Ohm 1/4W CFR 

2033900 

270 Ohm 1/4W CFR 

2051300 

470 Ohm 1/4W CFR 

2051700 

47 Ohm 1/4W CFR 

2037700 

90 Ohm 1/4W CFR 

2177600 

56K Ohm 1/4W CFR 

2039500 

220 Ohm 1/2W CFR 

2186000 


























































































NOTTS: 


REFERENCE/ 

DESIGNATOR 

R507 ,509 
R50 8 

SFR1 , SFR4 

SFR2 

SFR3 

VR1 

VR2 

TH201 

C101-109 

_____ 


C114 ,115 
Cl 16 
C117 


C119 
Cl 20 
C20 1 


C202 ,204 
C20 3 


C205 


C206 
C20 7 
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VIDEO MONITOR AND POWER SbPPLY PARTS LIST 


NOMF.NCLATDRF/DF.SCR I PT ION 


PART NUMBER/REMARKS 


1.5K Ohm 1/2W CFR 


10K Ohm 1/2W CFR 

2186400 

100K Ohm Pot 

2177700 

2K Ohm Pot 

2177800 

5K Ohm Pot 

2177900 

500 Ohm Pot 

2180200 

2M Ohm Pot 

2180100 

1 . IK Ohm Thurmister 

2180300 

O.OluF 16V Ceramic 201 

2028700 

3,300uF 35V Electrolytic 

2196500 

0 . 33uF 35V Tantal 

2198100 

470uF 35V Electrolytic 

2198200 

4700uF 16V Electrolytic 

2196600 

HOuF 160V Electrolytic 

2196300 

22uF 160V Electrolytic 

2196400 

lOuF 16V Electrolytic 

2027300 

4 . 7uF 16V Tantal 

2027500 

22uF 15V Electrolytic 

2025700 

lOOuF 10 V Electrolytic 

2196000 

22uF 10V Electrolytic 

2196100 

2200uF 10V Electrolytic 

2196200 


1 13 83 ftTfeleVideo Systems, Inc. 


























































































PAGE 3 OF 5 
TITLE 


VIDEO MONITOR AND POWER SUPPLY PARTS LIST 


NOMENCLATURE/DESCR I PT I ON 


PART NUMRER/REMARKS 


0 . 04 7uF/50V Mylar 

0 .001uF/50V Mylar 

4.7uF/16V Electrolytic 

0 . OluF/ 50V Mylar 

0 . 0068uF/200V Mylar 
0 . 04 7uF/400V Mylar 
220uF/16V Electrolytic 
1 6uF/ 25V NP 
0.039uF/50V Mylar 
220PF 50V Ceramic 
0. OluF/ 50V 
O.OluF 50V Ceramic 
O.luF 600V Mylar 
22uF 100V Electrolytic 
0 . 47uF 50V Mylar 
1KV Spark Gap 

SPST 115V 10A/230V 5A Pwr SW 
DPDT 11 5/ 2 30V Power Line 

Slide Switch 

______ — - 

_____ — - - 


2197100 

2196900 

2196700 

2197000 

2196800 

2197500 

2199300 

2280000 

2030500 

2195900 

2197000 

2028900 

2197300 

2196100 

2197200 

2030900 

2097300 

2097400 


2097000 

2193100 


DAT 


1-13-83 


ft TfeleVideo Systems, Inc. 





















































































QTY FUR ASSM/REV LUVIU, 




REFERENCE/ 
DES 1 GNATOR 


003 


102 


0103,501 


201 


Q202 


0203 


0204 


Q30 1 


Q30 2 


IC1 


IC2 


V501 


V50 1 


D101-108 


9 



NOMEN CL ATURE/DESCR I PT ION 

PART NUMBER/REMARKS 

Fuse Clip 

2180400 

KTC 1627A or MPS-A06 

2046700 

2SC983 or 2N5551 

2193200 

KTA 1015 or 2N3906 

2042200 

KTC11815 or 2N3904 

2046500 

2SC1173 or 2N6121 

2199700 

2SA473 or 2N6124 

2202100 

KTC 200 ( 2SC1 166) or 2N4401 

2045500 

2SC2233 or MJE13006 

2047300 

LAS 16CB 13.8V Regulator 

2126900 

LAS 1605 5V Regulator 

2126800 

B 8 W Pr 12” 

2049100 

CRT Green P31 12” 

2049300 

DS 135D or 1N5391 Rectifier 

2200600 

DS 135C Rectifier 

2201400 

EQA01-12 or 1N759A Zener 

2201600 


Diode 


DS-113A or MRI-1000 Damper 


Diode 


1N914 or KDS1553 Switching 


Diode 


2201700 


2047500 


NOTES: 
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T it 1,1; 


VIDEO MONITOR AND POWER SUPPLY PARTS LIST 


1-13-83 



eVi 

















































































QTY P 

ii R 

cSSM/REV 








































































































































































! 






























1 



REFERENCE/ 

DESIGNATOR 



0201,202,301 


D113 ,114 


L202 


L 2 0 1 


L20 1 


L30 2 


T 1 0 1 


T 3 0 1 


T 30 2 


nomenclature/descr i pt ion 


DS - 1 30TB or 1N4004 600V 


Recti f ier 


KDS-8513A or 1N920 Silicon 


Diode 


DS 135D Rectifier 


KYS-00060 D.Y Coil 


5.4uII Linearity Coil 


Adjustable Linearity Coil 


27uII Inductor Coil 


Power Transformer 


Drive Transformer 


Flyback Transformer 


PART NIJMBLR/REMARKS 


2202200 


2201800 


2200600 


2200800 


2200900 


2213600 


2201000 


2201100 


2201200 


2201300 



NOTLS: 
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‘ iilJ VIDEO MONITOR AND POWER SUPPLY PARTS LIST 

HATE 

1-13-83 

^.TeleVideo Systems, Inc. 





















































VIDEO MONITOR/POWER SUPPLY 
SCHEMATICS AND PARTS LIST 


TeleVideo Systems, Inc. 

1170 Morse Ave., Sunnyvale, CA 94086 
(408) 745-7760 TWX 910-338-7633 TVI VIDEO 


( 


( 



VIDEO MONITOR 

The Video Monitor is made up of two sections ; the vertical 
amplifier and the horizontal amplifier . These amplifiers provide 
the voltages necessary to drive the CRT yoke, which deflects the 
electron beam across the CRT. 

The electron beam which is generated by the CRT electron gun 
is swept across and down the screen to create what are called 
scan lines , which we discussed in character generation . The 
movement of the beam is driven by vertical and horizontal sweep 
rates which are both determined by the display circuitry on the 
logic board . The horizontal sweep is approximatly 16KHz and the 
vertical sweep is usually 60Hz for domestic and 50Hz for European 
applications . 

The Horizontal sync pulses coming into the Video Monitor 
are inverted by transistor Q305 and then trigger IC301 . In the 
precision timing mode of operation, the pulse width of IC301 is 
precisely controlled by R304, R306 and C312 . The output Of IC301 

is then coupled by Q303 and Q301 to drive transformer T301. The 
output of T301 is then amplified by Drive transistor Q302 . This 
transistor drives both horizontal yoke windings , as well as the 
step-up transformer that produces the anode high voltage and the 
grid voltage for the CRT grid in the neck of the CRT. A new width 
coil is used for better Raster width control . 

The Vertical sync . pulse's coming into the Video Monitor are 
converted to a sawtooth wave-form. When this is first done the 
sawtooth pulse is going from a negative leading edge to a posi- 
tive falling edge , the pulse goes through transistor Q202 and is 
inverted to it's usable form. Now the pulse is going from a 
positive 2 volt leading edge to a negative - 2 . 5 volt falling 
edge . The timing here is critical because with in one sawtooth 
pulse there are 250 horizontal pulse's that will occur . This is 
the total number of horizontal scan lines on the CRT. The saw- 
tooth pulse has to be proportional to all the previous pulse ' s or 
the timing will be wrong for the vertical sweep as well as the 
horizontal sweep. When the vertical sweep is negitive Q201 is 
conducting and C202 will be discharging . During the positive 
portion Q201 will cut off and allow C202 to charge . t Du ring the 
time that C202 is charging the electron beam will be scanning . 
The vertical sweep scans from top to the bottom, once the scan 
reaches the bottom of the page a (blank) occurs the video beam is 
turned off and it is retraced back to the top of the screen , this 

is the time when C202 is discharging . After the retrace the beam 

is once again turned on and begins it's scan routine. Adjusting 
SFR1 ( vert . height) and SFR2 (vert, linearity) will change the 

rate of charge of C202 thus changing the slope of the sawtooth 

pulse. 



POWER SUEELY 


Voltages are created and regulated as follows . A 24VAC 
voltage is rectified by Diode D105 , 106 , 107 and 108 resulting in 
a 31VDC output. This 31V is then filtered through C106 
(3300MF/50V) and applied to five Volt switching regulator IC103 . 
The output voltage of IC103 is filtered by L101 (200uH 5%) and 
Clio (2200MF/10V) . 

The raw 24VDC voltages for the positive and negative 12VDC 
are rectified by Diodes D101 , 102 , 103 and 104 . The +24V is 
regulated by IC101 and Q101 for output voltage +12V. This is then 
filtered through C116 . Negative 12V is stabilized by IC102 and 
filtered by C105 . 

A 79 volt AC waveform is applied to the halfwave rectifier 
D109 which is filtered by C115 . the resulting 92VDC level is then 
regulated by a series voltage regulator . The stabilization 
network comprised of sensing and control elements , Q103 and Q102 . 

The 75VDC level goes to the Cathode of the CRT tube and spot 
killed quickly by D501 and C506 to protect burn out on the screen 
surface of when user turned of f . 

The high voltage needed to drive the CRT tube V501 are 
derived from the flyback transformer T302 on the Video Monitor . 



TUBE SPECIFICATION 


14 IBCH 90 DEGREE. HIGH RESOLUTION 

DISPLAY TUBE 
34QCXB 4N 


The 340CXB4N is a 14 inch 90 degree high resolution , rectangular 
display tube primarily intended for use as a alpha-numerical and 
graphic display tube for computer peripheral devices . The tube is 
provided with banded type integral implosion protection (with mounting 
lugs) . The tube features a low reflectance, high contrast screen. 


ELECTRICAL DATA 


Heating 

Indirect by AC or DC: 
Heater voltage. . . . . 
Heater current . . . . . 

• © • 

« « ® 

» e o 

© • 

12 . 0 volts 

. . . . .75 nA 

Focusing Method . 

0 © 9 

• « 


Deflection Method . ...... 

> • • • < 

9 • m « 


Deflection Angles (Approx . ) 

Diagonal. ... 

Horizontal . 

Vertical 

► ® ® • « 

t m m • « 

* • • • « 

i • • < 

» « 9 « 

» • 9 * 

90 degrees 

80 degrees 

65 degrees 


Anode voltage ............ 16 , 000 max . volts 

9,000 min . volts 

Using high voltage with this tube internal flash-overs may occur , 
which may cause damage to the cathode of the tube and to various 
circuit components on the video monitor board. Therefore it is 
necessary to provide protective circuits using spark-gaps ’ etc. These 
should be connected as illustrated in figure #1 below. 


Figure 1. 


No other connections between external conductive coating and chassis are 
permissible. 



OPTICAL DATA 


FclCfiplst© s ••••••••••• 

Anti-reflection treatment . 

Screen 

Appearance. ........ 


Filterglass 
Treated 
Aluminized 
Low Reflective* 



The dark-colored screen, in combination with the filterglass f 
produces the low reflectivity (equivalent to a 20% light 
transmission filterglass) for easy-to-see display. 


MECHANICAL DATA 
Tube Dimensions : 

Overall length. ..... 

Greatest dimensions of tube (excluding lugs) 

Diagonal . 

Width 

Heigth. 

Useful screen dimensions (projected) 

D lagonal . . . . . . . . . . « . • . • . . . . . 
Wid t h ..................... 

Heigth. . ............. ...... 


Pin Position Alignment 


Operating Position . 
Weight (approx. ) . . 
Implosion Protection 


297.0 

max . mm 


348.3 

+/- 2 * 7 

mm 

295.3 

+/- 2.7 

mm 

237.0 

+/- 2.7 

mm 

322.3 

min® mm 


270.2 

min . mm 


210.7 

min • mm 



Pin No 7 aligns 
approx . with anode 
contact. 

Any 
3.5 kg 

Tension band 
(with mounting lugs) 


( 


\ 


GENERAL CONSIDERATION 

1 . Tube handling . Care should be taken not to scratch the tube. 

2 . Impact . The tubes should never be exposed to impacts of more 
than 30G during handling or transportation . 

3. Grounding . The external conductive coating of the tube should 
be grounded with multiple contacts (e.g. a contact plate having 
many fingers . ) Poor contact might cause local heating resulting 
in tube leakage. 


( 






SHOCK HAZARD: 

The high voltage at which the tube is operated may be very 
dangerous . Design of the equipment should include 
safeguards to prevent the user from coming in contact with 
the high voltage. Extreme care should be taken in. the 
servicing or adjustment of any high voltage circuit. 


Caution must be exercised during the replacement or 
servicing of the tube since a residual electrical charge is 
stored within the tube. Before handling the tube remove any 
undersible residual high voltage charge from the tube, by 
shorting the anode contact button to the frame of the 
terminal as illustrated in figure #2. Discharging the high 
voltage to isolated metal parts sucha as cabinets and 
control brackets may produce a shock hazard . 



Figure 2. 



TABLE 6-1 
SIGNAL WAVEFORMS 


LOCATION FUNCTION DC AC BASE(IN) DC AC COL .(OUT) DC AC EMIT(GND) 



ALL VOLTAGE MEASURES MADE WITH OSCILLOSCOPE 
DC READING TAKEN OF SIGNAL BASELINE 
AC READING TAKEN OF PEAK TO PEAK AMPLITUDE 


NOTE: ANY RIPPLE MEASUREMENT LESS THAN ONE VOLT IS NOT ILLUSTRATED 







































































































































APPLICATION 

NEJtT ASST 

FIMT 

OftfD 094 






DESCRIPTION 

PROD RELEASE 


ECONO DATE I ARPROVEO 



R20I SFR\ 

2.7K IOOK 


C20I 

10 R203 

16V 2.2K 


C 203 
22 / lb V 


C204- 
4 -7 /.25V 


Q 201 
KT h 1015 


SW 102 
POWER 
SELECT 
SWITCH 



WHT BLU 


Z30V 


TIO\ 

TOWER TR^NS 



S6 SOI 
SPAvRK GAP 


DIOI-IO+ 
BY 251 


asoi 

KTC 2229 


, R503 
B20 1/2 W 


JI2.3 V._ 
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INTRODUCTION 


This is a general troubleshooting guide to be used with the 
Operator ' s Manual/ Maintenance Manual, and Service Bulletins as 
required . By following the procedures described here , you should 
be able to quickly isolate and repair most field failures . 


The following sections are included : 


Page 


Overview of Terminal Modules 2-1 

Functional Description of Modules 3-1 

Troubleshooting the Logic Board 4-1 
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Data Line Operation 4-3 
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Troubleshooting the Video Monitor 6-1 

Visual Inspection 6-1 

Debugging Guide 6-3 

Troubleshooting the Power Supply 7-1 

Visual Inspection 7-1 

Debugging Guide 7-2 



2. OVERVIEW OF TERMINAL MODULES 


The design of TeleVideo* terminals permits fast fault isolation 
since the terminal hardware is divided into four main modules : 

1. Video monitor 

2. Power supply 

3. Main logic board 

4. Keyboard 

The video monitor and power supply are common to all TeleVideo 
terminals and may be freely interchanged . Terminal keyboards are 
interchangeable , as outlined in the section on the keyboard . The 
main logic board is the only module that provides each terminal 
with its unique characteristics . 

The quickest and easiest way to isolate the malfunctioning module 
is to exchange (swap) each module with a known good module . Once 
the faulty module is identified, refer to the appropriate 
troubleshooting table . 


WARNING 1 

High voltages are retained by the CRT tube and capacitors even 
after power has been turned off . As soon as you open the case , 
clip one end of a wire to the chassis . Attach the other end of 
the wire to an insulated screwdriver . Being careful not to 
touch the metal part of the screwdriver , gently slip the metal 
end of the screwdriver under the cap of the anode, as shown in 
Figure 2-1 . 


CRT 

Anode 



Figure 2-1 Discharging Voltages 
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3. FUNCTIONAL DESCRIPTION OF MODULES 


Logic Board 

The logic board processes and controls all data received and 
transmitted, and generates the video and sync signals required to 
display data. 

The logic board consists of the following five functional areas : 

1. Display processor 

2. Display generator 

3 . Keyboard interface 

4. Main port interface 

5 . Printer port interface 

Power Supply 

The power supply provides DC operating voltages to all circuits 
in the terminal . The power supply contains two user -replaceable 
3 AG-type fuses . 

Video Monitor 

The video monitor contains horizontal , vertical, and intensity 
modulation circuits which produce a television-type conventional 
noninterlaced raster display on the screen. Character signals 
received from the display generator cause intensified dots to 
appear at precise intervals on a raster line. These dots, when 
combined with other dots on other raster lines above and/or below 
a given line, produce characters. 

Keyboard 

910/910 PLUS/912C/920C — This keyboard sends matrixed data via a 
ribbon cable to the logic board , where the ASCII code is generated . 

This data is encoded in the 910/910 PLUS by the keyboard encoder 
(position Al) and in the 912C/920C by the CPU (position A54) and 
the multiplexers (positions A68 and A6 9) . 

The keyboards for these models are all functionally interchange- 
able . The 910/910 PLUS keyboard has a PRINT keycap where 912C/ 

920C models have a BLOCK/CONV keycap. The 920C keyboard is also 
fitted with an additional top row of function and editing keys . 

925/950 — On this keyboard , data is encoded by a microprocessor on 
the keyboard (position U6) and sent in an ASCII serial data 
stream to the logic board via the coiled cable . On the logic 
board , the keyboard interface circuits convert the keyboard data 
from serial to parallel data for input to the display processor 
circuitry. All detachable keyboards are identical and 
interchangeable . 
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4. TROUBLESHOOTING THE LOGIC BOARD 


Visual Inspection 

With the Logic Board Installed — Turn off power to the terminal , 
open the case , and check the following possible problem areas : 

* Internal and external switch settings : are they all 
correct? 

* Socketed chips : are they all plugged tightly into 
their sockets? 

* Connectors : look for 

Loose or damaged connectors 

Broken or loose securing clips on pins at 
connectors 

Bad crimps 

Dirty contacts 

* Wires: are any broken , loose , or frayed? 

* Components : are any overheated or burned? 

With the Logic Board Removed — Make these inspections with the 
logic board removed . The procedure for removing the logic board 
varies slightly according to the model . Follow the appropriate 
directions for your model . 

910/910 PLUS/912C/920C 

To remove the logic board : 

1. Turn the power off . 

2. On the logic board , disconnect : 

PI (keyboard input) 

P2 (video signals) 

P3 (RS232C port) if connected 
P4 (printer port) if connected 
P5 (voltage connector) 

P6 (modem connector ) if connected 
P7 (speaker connector ) 

3 . Remove the four (910/910 PLUS) or six (912C/920C) 
securing screws on the logic board . 

4 . Carefully remove the logic board . 
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925/950 

1. Turn the power off. 

2. On the logic board, disconnect; 

PI (keyboard input) 

P3 (RS232C port) if connected 
P4 (printer port) if connected 
P6 (modem connector) if connected 

3 . Carefully slide the logic board half way out of the 
terminal and disconnect : 

P2 (video signals ) 

P5 (voltage connector ) 

4. Carefully slide the logic board entirely out of the 
terminal . 

With the logic board removed , inspect the logic board for : 

* Overheated or burned components 

* Missing or broken components 

* Cracked , broken , or lifted traces 

* Poor solder joints ( loose solder balls , cold solder 
joints , or solder bridges) 

* Bent pins 


STOP 1 

If defects are found , correct them and recheck the terminal 
before continuing . 


If no defects are found , reinstall the logic board before 
proceeding with the procedures in the next section , Large Scale 
Integration Failures . 

Large Scale Integration Failures 

Since most failures involve Large Scale Integration (LSI ) chips , 
this step will quickly repair most failures encountered . 

Exchange all socketed chips , one at a time , with known good 
chips . If the logic board malfunctions after the chips are 
swapped, confirm the operation of the data lines described in the 
next section, Data Line Operation. 
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NOTE! 


The remainder of this guide involves troubleshooting to the 
component level and requires schematics , an oscilloscope , a 
working knowledge of transistor-transistor logic (TTL) , and basic 
debugging skills . 


Data Line Operation 

Confirm that the data lines are operating properly before 
proceeding further . 


NOTE! 

It is beyond the scope of this bulletin to list all possible 
data line problems . 


The best place to check the data lines is directly from the CPU 
( see page 1 of the schematics ) . There should be activity on all 
data lines and the signals should range from 0 (ground) to +4.5 to 
+5.0 volts . If the malfunction persists after you have confirmed 
proper operation of the data lines , follow the procedures in the 
next section , Debugging Tables . 


Debugging Tables 


NOTE! 

The items listed in the tables in this section are only suspect 
areas ; they should not be automatically replaced when the 
symptoms listed are present. 
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Table 4-1 910/910 PLUS Logic Board Debugging Guide 


Suspect Areas 


Symptom 

Part No. 

Position 

No video 

6502 

A3 9 



6545 

A26 



2114 

A30 , 

A31 



A36 , 

A37 


or 




6116 

A24 



Crystal 

Y2 



74LS163 

A15 



2332 

A45 



2N2219 

Q2 


Distorted video 

6502 

A3 9 



6545 

A26 



6116 

A24 



or 




2114 

A30 , 

A31 



A3 6 , 

A37 


2332 

A48 



74LS166 

A49 


Horizontal bar across screen 

6545 

A26 



74S04 

A22 


Loss of underline , reverse video , 

74LS174 

A42 


blinking , or blanking 

6545 

A26 


Loss of half intensity 

74LS175 

A41 



6545 

A26 


Loss of all attributes 

6545 

A26 



74S74 

A40* 


Unable to transmit data 

75188 

A10 



6551A 

A19 


Unable to receive data 

75189 

A5 



6551A 

A19 


Poor/no printing 

75189 

A5 



75188 

A10 



6551A 

A19 


Incorrect/no keyboard response 

AY-5-3600 

A1 



2716 

A2** 



Notes 

♦Must be a Texas Instruments part. 
**If used. 


Schematic 

Page 

1 of 5 

2 of 5 
2 of 5 


2 of 5 

3 of 5 

3 of 5 
1 of 5 

4 of 5 

1 of 5 

2 of 5 
2 of 5 

2 of 5 

3 of 5 

3 of 5 

2 of 5 

4 of 5 

3 of 5 

2 of 5 

3 of 5 
2 of 5 

2 of 5 

3 of 5 

4 of 5 
4 of 5 

4 of 5 
4 of 5 

4 of 5 
4 of 5 

4 of 5 

5 of 5 
5 of 5 


4-4 



Table 4-1 


Continued 


Suspect Areas Schematic 


Symptom 


Part No. 

Position 


Page 

SHIFT or CTRL 

keys do not function 

A6-5-3600 

A1 

5 

of 5 



7406 A12 


5 

of 5 



RP4 


5 

of 5 

ALPHA LOCK or 

FUNCT keys do not 

AY-5-3600 

A1 

5 

of 5 

function 

74LS364 

A8 

5 

of 5 



RP4 


5 

of 5 

Keys repeat 


AY-5-3600 

A1 

5 

of 5 


*Must be a Texas Instruments par t . 
**If used . 


4-5 



Table 4-2 912/920 Logic Board Debugging Guide 


Suspect Areas Schematic 

Symptom Part No. Position Page 


No video , no beep 

8035 

A54 

1 

of 

6 


5027 

A23 

4 

of 

6 


23 . 81 4 -MHz 

XI 

4 

of 

6 


Crystal 






74LS109 

A56 

4 

of 

6 


74LS163 

A57 

4 

of 

6 


System ROMs 

A49 

2 

of 

6 


System ROMs 

A50* 

2 

of 

6 


2332 

A3 

5 

of 

6 

No video , constant beep 

5027 

A23 

4 

of 

6 


2114 RAM, 

A6 , A8, 

3 

of 

6 


page 1 

A10, A12 





2114 RAM, 

A5 , A7 , 

3 

of 

6 


page 2 

A9 , All 




Horizontal bar across screen 

5027 

A23 

4 

of 

6 


74LS08 

A32 

5 

of 

6 


74LS05 

A14 

5 

of 

6 


Bad video or incorrect character 
displayed in : 


Area X of screen** 

Area Y of screen** 

Bad video on entire screen 


2114 

RAMs 

A8 

3 

of 

6 

2114 

RAMs 

A12 

3 

of 

6 

2114 

RAMs 

A6 

3 

of 

6 

2114 

RAMs 

A10 

3 

of 

6 

74LS157 

A24 , 

3 

of 

6 



A25 , 

A26 



74LS00 

A40 

3 

of 

6 

8035 


A54 

1 

of 

6 

5027 


A23 

4 

of 

6 


Notes 

* If installed 
** 


X 



Y 


Areas X and Y of Screen 
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Table 4-2 Continued 



Suspect 

Areas 

Schematic 

Symptom 

Part No . 

Position 

Page 

Distorted characters 

2316 

A3 

5 

of 

6 


8035 

A54 

1 

of 

6 


2114 RAMs 

A5 

through 

A12 

3 

of 

6 

Unable to transmit 

75188 

A59 

2 

of 

6 


74LS157 

A7 8 

2 

of 

6 


2502 

A4 8 

2 

of 

6 

Unable to receive 

75189 

A60 

2 

of 

6 


74LS157 

A7 8 

2 

of 

6 


2502 

A48 

2 

of 

6 

Loss of blinking or blanking 

74LS74 

A35 

4 

of 

6 


5027 

A23 

4 

of 

6 

Loss of half intensity 

74LS74 

A16 

5 

of 

6 


74LS03 

A15 

5 

of 

6 


5027 

A23 

4 

of 

6 

Loss or underlining/reverse video 

74LS74 

A28 

5 

of 

6 

74LS74 

A29 

5 

of 

6 


5027 

A23 

4 

of 

6 

Incorrect or no keyboard input 

8035 

A54 

1 

of 

6 


74LS253 

A6 8 

1 

of 

6 


74LS253 

A6 9 

1 

of 

6 

ALPHA LOCK, SHIFT, CTRL, or 

74LS364 

A76 

1 

of 

6 

Function keys do not function 

74LS42 

A58 

1 

of 

6 

Unable to select one or more 
baud rates 

74LS163 

Counter 

A70 

through 

A73 

6 

of 

6 


Baud rate 
switch 

SI 

6 

of 

6 


74LS00 Nand A74 

Gate 

6 

of 

6 
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Table 4-3 925 Logic Board Debugging Guide 


Symptom 

No beep, no video 

constant beep, no video 

Horizontal bar 

Bad video 

Distorted characters 

Unable to transmit to computer 

Unable to receive from computer 
Unable to transmit to printer 

Unable to receive from printer 

Loss of any video attribute 

No keyboard communication* 

♦Refer also to Service Bulletin 


Suspect Areas Schematic 
Part No. Position Page 


13.6080- 

Y2 

7 

of 

7 

MHz Crystal 




74LS00 

A55 

4 

of 

7 

74LS139 

A37 

4 

of 

7 

6502A 

A6 0 

1 

of 

7 

6545A-1 

A59 

2 

of 

7 

6502A 

A6 0 

1 

of 

7 

6545A-1 

A59 

2 

of 

7 

74LS223 

A44 

7 

of 

7 

74504 

A16 

7 

of 

7 

6545A-1 

A59 

2 

of 

7 

lOuf cap 

C41 

1 

of 

7 

74LS74 

A6 

4 

of 

7 

6545A-1 

A59 

2 

of 

7 

74LS166 

A30 

2 

of 

7 

2332 

A31 

2 

of 

7 

75188 

A34 

5 

of 

7 

6551 

A32 

5 

of 

7 

74LS32 

A26 

5 

of 

7 

75189 

A9 , A17 

5 

of 

7 

6551 

A32 

5 

of 

7 

75188 

A34, A25 

5 

of 

7 

74LS32 

A26 

5 

of 

7 

6551 

A32 

5 

of 

7 

75189 

A9 , A19 

5 

of 

7 

74LS32 

A26 

5 

of 

7 

75188 

A25 

5 

of 

7 

74LS173 

A19 , A20 , 

3 

of 

7 


A21 




74LS245 

A40 

2 

of 

7 

74LS374 

A3 9 

2 

of 

o7 

2332 

A50 , A49 

1 

of 

7 

1 . 8432-MHz 

Y1 

5 

of 

7 

Crystal 





6551 

A33 

5 

of 

7 

6502A 

A60 

1 

of 

7 


2 , Eliminating Keyboard Lockup 
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Table 4-3 Continued 


Symptom 

Unable to select switch bank SI 


Unable to select switch bank S2 


Unable to select switch bank S3 


Suspect Areas 
Part No. Position 


Switch 

74LS244 

Resistor 

pack 

Switch 

74LS244 

Resistor 

pack 

Switch 

74LS244 

Resistor 


SI 

A53, A52 
RP5 


S2 

A51 , A52 

A53 

RP1 


S3 

A43 , A51 
RP4 


Schematic 

Page 

6 of 7 
6 of 7 
6 of 7 


6 of 7 
6 of 7 

6 of 7 


6 of 7 
6 of 7 
6 of 7 



Table 4-4 950 Logic Board Debugging Guide 


Suspect Areas 


Symptom 


Part No. 

Position 

No video, 

no beep 

6502 

A53 




6551 

A49 , 
A51 

A50 



6545 

A56 




Program 

ROMs 

A41 , 

A42 



User ROMs 

A52 




Character 

Generator 

ROMs 

A32 , 

A33 



23 . 824-MHz 
Crystal 

OSC1 




74LS163 

A3 




74LS109 

A6 


No video. 

constant beep 

6545 

A56 




2114 RAMs 

A25 , 

A26 




A27 , 

A28 

Horizontal 

bar across screen 

6545 

A56 




2114 RAMs 

A25 , 

A26 




A27 , 

A28 

Bad video, 

one section of screen 

2114 

A25 




2114 

A26 




2114 

A27 




2114 

A28 


Bad video 

on only one page 




Page 

1 

6116 

A37 


Page 

2 

6116 

A34 


Page 

3 

6116 

A35 


Page 

4 

6116 

A36 


Bad video 

on entire screen 

74LS157 

A43 





through 




A46 




6545 

A55 




6502 

A53 


Distorted 

characters 

2332 

A32 , 

A33 



74LS166 

A22 , 

A23 



6502 

A53 




All 2114 ' s 

A25 



through 

A28 


Schematic 

Page 

1 of 7 
5 of 7 

2 of 7 
1 of 7 

1 of 7 
4 of 7 


6 of 7 

6 of 7 
6 of 7 

2 of 7 

3 of 7 


2 of 7 

3 of 7 


3 of 7 
3 of 7 
3 of 7 
3 of 7 


3 of 7 
3 of 7 
3 of 7 
3 of 7 

2 of 7 


2 of 7 
1 of 7 

4 of 7 
4 of 7 
1 of 7 

3 of 7 
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Table 4-4 Continued 


Symptom 

Unable to transmit to system 

Unable to receive from system 

Unable to transmit to printer 

Unable to receive from printer 
Loss of any video attribute 

Incorrect or no keyboard input 

Unable to select one or more 
baud rates 


Suspect Areas Schematic 


Part No. 

Position 

Page 


1488 

A48 

5 

of 

7 

74LS32 

A58 

5 

of 

7 

6551 

A50 

5 

of 

7 

74LS157 

A59 

5 

of 

7 

1489 

A57 

5 

of 

7 

74LS08 

A29 

5 

of 

7 

6551 

A51 

5 

of 

7 

1488 

A3 9 

5 

of 

7 

74LS32 

A58 

5 

of 

7 

6551 

A51 

5 

of 

7 

74LS157 

A59 

5 

of 

7 

1489 

A40 

5 

of 

7 

6551 

A51 

5 

of 

7 

74LS174 

A19 

4 

of 

7 

74LS157 

A20 

4 

of 

7 

74LS174 

A21 

4 

of 

7 

6502 

A53 

1 

of 

7 

6551 

A49 

3 

of 

7 

6502 

A53 

1 

of 

7 

6552 

A54 

7 

of 

7 

74LS367 

A65 , A66 

7 

of 

7 

RP 2 


7 

of 

7 

RP 3 


7 

of 

7 

Switch 1 


7 

of 

7 
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"Gate Array" Logic board , 
Supplement Debugging Guide 


Although the components are laid out differently, "Gate 
Array" boards are completely interchangable with TTL boards . When 
troubleshooting the "Gate Array" Logic boards care should be 
taken when handling the CMOS devices . The "Gate Array" chip 
positions are listed below. When exchanging these custom CMOS 
chips one must be grounded to earth ground to avoid damage to the 
chip from static discharge . 


Televideo 

Model No . Part Number Location 

910, 910P1US 2057400 A22 

925 2057400 A39 

950, Chip A 2057600 A34 

Chip B 2057800 A37 


Follow the procedure in the begining of this section for a 
visual inspection of the logic board . 
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Table 4-5 910/910 PLUS GA Logic Board Debugging Guide 


Symptom 
No video 


Distorted video 

Horizontal Bar across screen 

Loss of Attribute 

Unable to Transmit to Computer 
or printer 

Unable to Receive from Computer 
or printer 

Inncorect/ no keyboard response 

Shift or CTRL keys inoperative 

Alpha Lock or Funct keys 
inoperative 

Repeating keys 


Suspect Areas Schematic 


Part No. 

Position 


Page 

6545A-1 

A20 

2 

of 

5 

6502 

All 

1 

of 

5 

6116 

A13 

2 

of 

5 

Crystal 

Y2 

3 

of 

5 

2532 

A38 

1 

of 

5 

74LS163 

A25 

3 

of 

5 

74LS166 

A18 

3 

of 

5 

2N2219 

Q2 

4 

of 

5 

70200-11B 

A22 

3 

of 

5 

6545A-1 

A20 

2 

of 

5 

6116 

A13 

2 

of 

5 

70200-11B 

All 

3 

of 

5 

74LS166 

A18 

3 

of 

5 

2532 

A38 

1 

of 

5 

6545A-1 

A20 

2 

of 

5 

74LS08 

A37 

2 

of 

5 

70200-11B 

A22 

3 

of 

5 

6545A-1 

A20 

2 

of 

5 

75188 

A9 

4 

of 

5 

6551A-1 

A15 

4 

of 

5 

75189 

A10 

4 

of 

5 

6551A-1 

A15 

4 

of 

5 

AY-5-3600 

A1 

5 

of 

5 

2716 

A2 

5 

of 

5 

74LS367 

A3 / A8 

5 

of 

5 

AY-5-3600 

A1 

5 

of 

5 

7406 

A7 

5 

of 

5 

resistor 

pack 

RP2 

5 

of 

5 

AY-5-3600 

A1 

5 

of 

5 

74LS367 

A8 

5 

of 

5 

resistor 

pack 

RP2 

5 

of 

5 

AY-5-3600 

A1 

5 

of 

5 
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Table 4-6 925 GA Logic 

Board Debugging 

Guide 

Symptom 

Suspect Areas 


Part No. 

Position 

No video/ no beep 

1 Crystal 

Y2 


70200-11A 

A3 9 


74LS139 

A3 8 


6502 

All 


6545A-1 

A28 

Constant beep/ no video 

6545A-1 

A28 

74LS273 

A26 


6502 

All 

Horizontal bar across screen 

6545A-1 

A28 


74S04 

A40 

Bad video 

lOuF cap 

C28 


6545A-1 

A28 


70200-lla 

A39 

Distorted characters 

2332 

A17 


74LS166 

A12 

Loss of Attribute 

70200-11A 

A39 


2333 

A14 ,A15 

No transmit to computer or 

75188 

A23 

printer 

6551A-1 

A4 


74LS32 

A24 

No receive from computer or 

75189 

A2 

printer 

6551A-1 

A4 

No keyboard response 

Crystal 

Y3 


6551A-1 

A5 


6502 

All 

Unable to select SI 

Switch 

SI 


74LS244 

A3 f A41 


resistor 

pack 

RP1 

Unable to select S2 

Switch 

S2 


74LS244 

A3,A41, 
A3 4 


resistor 

pack 

RP2 

Unable to select S3 

Switch 

S3 


74LS244 

A34 f A29 


resistor 

pack 

RP4 


Schematic 

page 

6 of 6 
3 of 6 
3 of S 

1 of 6 

2 of 6 

2 of 6 
6 of 6 

1 of 6 

2 of 6 

3 of 6 

1 of 6 

2 of 6 

3 of 6 

2 of 6 

2 of 6 

3 of 6 
1 of 6 

4 of 6 
4 of 6 
4 of 6 

4 of 6 
4 of 6 

4 of 6 

4 of 6 
1 of 6 

5 of 6 
5 of 6 
5 of 6 


5 of 6 
5 of 6 

5 of 6 


5 of 6 
5 of 6 
5 of 6 
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Table 4-7 950 GA Logic Board Debugging Guide 


Symptom 


Suspect Areas 

Schematic 



Part No . 

Position 

Page 


No video/ 

no beep 

6502 

All 

1 

of 

7 



6551 

A29 , A33 

5 

of 

7 




A3 6 






6545 

A6 

2 

of 

7 



740012 

A34 

4 

of 

7 



2532 

A20,A25 

1 

of 

7 



2332 

A30 , A31 

4 

of 

7 



Crystal 

OSC 1 

4 

of 

7 

No video/ 

constant beep 

6545 

A6 

2 

Of 

7 



6116 

A3 

3 

of 

7 

Horizontal 

bar across screen 

6545 

A6 

2 

of 

7 



7406 

A3 9 

6 

of 

7 

Bad video 


6116 

A8 , A13 

3 

of 

7 




A17 f A22 

3 

of 

7 



74LS157 

A7,A12 

2 

of 

7 




A16 f A21 

2 

of 

7 



6545 

A6 

2 

of 

7 



6502 

All 

1 

of 

7 



740012 

A3 4 

4 

of 

7 

Distorted 

characters 

2332 

A30 , A31 

4 

of 

7 



740012 

A34 

4 

of 

7 



740012 

A37 

6 

of 

7 

Loss of Attributes 

740012 

A34 

4 

of 

7 

Unable to 

transmit to computer 

75188 

A18 

5 

of 

7 



74LS32 

A19 

5 

of 

7 



6551 

A29 

5 

of 

7 



74LS157 

A28 

5 

of 

7 

Unable to 

receive from computer 

75189 

A9 

5 

of 

7 



740012 

A37 

6 

of 

7 



6551 

A29 

5 

of 

7 

Unable to 

transmit to printer 

75188 

A23 

5 

of 

7 



74LS32 

A24 

5 

of 

7 



6551 

A33 

5 

of 

7 



74LS157 

A28 

5 

of 

7 

Unable to 

receive from printer 

75189 

A32 

5 

of 

7 



6551 

A33 

5 

of 

7 

Inncorect/ 

no keyboard response 

6551 

A36 

5 

of 

7 



6502 

All 

1 

of 

7 



74LS32 

A19 

5 

of 

7 
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Table 4-7 continued 


Symptom 


Unable to select SI 


Unable to select S2 


Suspect Areas Schematic 


Part No. 

Position 

Page 


Switch 

SI 

7 

of 

7 

resistor 

RP1,RP2 

7 

of 

7 

pack 

74LS367 

A1,A4 

7 

of 

7 

6552 

A43 

7 

of 

7 

6502 

All 

1 

of 

7 

Switch 

S2 

7 

of 

7 

resistor 

RP2 

7 

of 

7 

pack 

74LS367 

A4 , A38 

7 

of 

7 

6552 

A42 

A43 

7 

of 

7 

6502 

All 

1 

of 

7 
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5. TROUBLESHOOTING THE KEYBOARD 


Visual Inspection 

With the Keyboard Installed — Turn off power to the terminal . 
Check keyboard alignment; are any keys binding on the cover? 

Open the top case . 

910/910 PLUS/912/920 

Remove the two screws from the bottom front corners of the 
terminal . Carefully tip the top case back until it rests on a 
firm surface . 


NOTE! 

The terminal will now be top heavy and may tip over if there is 
not sufficient table space to support the top. 


925/950 

Remove the four screws from the bottom of the keyboard case . 
Carefully life off the top of the keyboard case and set it aside . 

Check the following areas : 

* Key switches : 

Foreign objects (e .g . , paperclips , staples , 
matches ) 

Liquid residue (e .g . , coffee , soft drinks) 

Broken keyswitches 

Missing or incorrectly placed keycaps 

* Cables : 

Broken wires 

Loose wires at connectors 
Creased , kinked , or cut cables 

* Connectors : 

Loose or damaged connectors 
Bent pins 
Dirty contacts 
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NOTE! 


If defects are found, correct them and recheck the terminal 
before continuing. 

With the Keyboard Removed--Make the following inspections with 
the keyboard removed from its case. The procedure for removing 
the keyboard varies slightly according to the model. 

910/910 PLOS/912/920 

To remove the keyboard: 

1. Unplug the ribbon cable from the logic board. 

2. Remove the two securing screws and washers from the 
inner bottom corners of the keyboard. 

3. Carefully remove the keyboard from the surrounding 
case . 

925/950 

To remove the keyboard : 

1. Disconnect on the keyboard: 

P6 (speaker connector) 

P7 (keyboard cable) 

2 . Remove the four screws from the bottom corners of the 
keyboard case . 

3 . Carefully remove the keyboard from the bottom case . 
Inspect the keyboard for : 

* Overheated, damaged, or burned components 

* Cracked , shorted , broken , or lifted traces 

* Poor solder joints (loose solder balls , cold solder 
joints, or solder bridges) 

* Broken, loose, or frayed wires 

NOTE! 

If any defects are found, correct them and recheck before 
continuing . 
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Table 5-1 Keyboard Debugging Guide 


Symptom 

Suspect Areas 

Models 

One key inoperative/ 

Respective keyswitch 

A 


intermittent 

Open trace/bad solder joint 

A 



8048 keyboard CPU , position 

B 



U6 



Several keys inoper- 

Open/shorted trace 

A 


ative/intermittent 

Broken/loose jumper 

A 



Defective ribbon cable 

c. 

D 


Bent pin at ribbon cable 

c. 

D 


connectors 

8048 keyboard CPU , position 

B 



U6 




10K ohm resistor packs, 

B 



positions RP2 , RP3 

10K ohm resistor, position R3 

B 


All keys inoperative 

Open/shorted trace 

A 



Defective ribbon or keyboard 

A 



cable 




8048 keyboard CPU , position 

B 



U6 

7805 +5V regulator , position 

B 



VI 




5 . 7143-MHz crystal , position 

B 



XI 



SHIFT, FUNCT, or ALPHA 

10K ohm resistor pack, 



LOCK keys 

position RP2 

8048 keyboard CPU , position 

B 



U6 



CTRL key inoperative 

10K ohm resistor pack , 
position R2 

8048 keyboard CPU , position 

B 



U6 



Incorrect characters 

Shorted trace 

A 



Shor ted/ improperly plugged 

c. 

D 


ribbon cable 

8048 keyboard CPU , position 

B 



U6 






Legend 
A = All 
B = 925/950 
C = 910/910 PLUS 
D = 912/920 
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Table 5-1 Continued 


Symptom Suspect Areas Models 

Keys repeat Respective keyswitch* B, D 

Shorted trace A 

Shorted ribbon cable C, D 

8048 keyboard CPU, position B 
U6 


Legend 
A = All 
B = 925/950 
C = 910/910 PLUS 
D = 912/920 

Note 

*On the 910/910 PLUS terminals , a key which is shorted will not 
repeat on power up. Instead, any key pressed will repeat until 
another key is pressed. 
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6. TROUBLESHOOTING THE VIDEO MONITOR 


Visual Inspection 

With the Video Monitor Installed — Turn off power to the terminal , 
open the case , and check the following possible problem areas : 

* Connectors : look for 

Loose or damaged connectors 

Broken or loose securing clips on pins at 
connectors 

Bad crimps 

Dirty contacts 

* Wires : are any broken , loose , or frayed? 

* Components : are any overheated , leaking , or burned? 

If any defects are found , correct them and recheck the terminal 
before continuing . 

With the Video Monitor Removed — The following inspections should be 
made with the video monitor removed . 

To remove the video monitor : 

1. With the power off and the cover removed , disconnect 
the following connections on the video monitor : 

J10 (signal input ) 

Jll (DC power ) 

J12 (yoke) 

2. Disconnect the following parts on the CRT tube: 

CRT socket (small printed circuit board at rear of 
tube) 

Anode lead (SEE WARNING ON PAGE 2-1) 

Ground wire 

3 . Remove the three securing screws on the video monitor . 

4. Carefully remove the video monitor . 
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With the video monitor removed , inspect it for : 

* Overheated , leaking , or burned components 

* Missing or broken components 

* Cracked , broken , or lifted traces 

* Poor solder joints (loose solder balls , cold solder 

joints , or solder bridges ) 

* Bent pins 

NOTE! 

If defects are found , correct them and recheck the terminal 
before continuing . 


If no defects are found , reinstall the video monitor . 
Apply power . 


WARNING 1 

High voltages are present on the video logic board . USE EXTREME 
CARE during troubleshooting . 


The four adjustments which can be made to the video board are 
listed in Table 6-1 . The controls are shown in Figure 6-1 . 


Table 6-1 Video Board Adjustments 


Problem 

Characters are too bright or too dim 

Whole screen is too tall or too short 

Characters are not even in height from 
the top to the bottom of the screen 

Characters are not sharp 


Control 

Brightness 

Height 

Linearity 

Focus 
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Figure 6-1 Location of Controls on Video Board 


Debugging Guide 

This section will help you troubleshoot specific malfunctions . 

Table 6-2 lists voltage levels and wave forms . 

SYMPTOM : No Vertical Deflection 

1 . Check Q201 collector for vertical deflection . 

a. If it is present , proceed to Step 2. 

b. If it is not present , check the base of Q201 . 

c . If vertical deflection is present at the base, isolate 

the Q201 collector to see if signal is being pulled 
down . If there is still no output at Q201 , suspect 
Q201. 

d . If vertical deflection is not present at the base , 
troubleshoot between the base of Q201 and P10 pin 5 
(vertical sync signal from the logic board) . 

2. Check Q202 collector for vertical deflection . 

a. If it is present , proceed to Step 3 . 

b. If it is not present, check the base of Q202. 
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Transistor 

Bas 

: e ( I n ) 

Locat 

n~ 

1 

Fu net 

V t g 

Wave 

ion 

Part s 

- ion 

DC AC 

V V p.p 

Form 


Collector C Out } 


Wave 

Form 


(IC 1 ) 


CIC 2 ) 


t!C 2 ) 


(ICO 


Regula 
- t ion 


12 2.5 


12 0.0 



1.6 5 0.0 


-12 0.0 


| 1 3 .8 0,0 



Q 103 , .. 


* 12.0 0.0 


Vert Free 

Q 201 2SA495 2.0 3.0 

Dr i ve 


75.7 0.0 


0.6 0.57 /* 


Vert P 1 

0 20? 2SC372 0 5F :. c ' 6 0 6 0 fc 

Drive i ) 


Q 203 2SCH73 9.36 6 5 

Out 


Vert 

Q 204 2SA473 8.0 6,5 


Horiz 

0 301 2SC735 -0.25 0.6/. 

Drive 

H oriz 

Q 302 2SC2233 -0.08 6 

Out 


Video 

0501 2SC983 0.4 3 


D 302 DS - 1 13 A Dampinq12.6 132 


, k- 17 °'° 

\ \ 


0.0 0.0 



12 20 


12.8 124 


76,8 25 


Emitter! GND) 


9 I Wave 

Form 



DC Voltage reading taken with VTVM from point indicated to chassis ground . 

AC Voltage reading taken with Oscilloscope Iron point indicated to chassis ground 

Table 6-2 Voltage Levels and Waveforms 
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c . If vertical deflection is present at the base , isolate 
the Q202 collector to see if signal is being pulled 
down . If there is still no output at Q202 , suspect 
Q202. 

d . If vertical deflection is not present at the base , 
troubleshoot back from the base of Q202 . 

3. Check the negative side of C207 for vertical deflection . 

a. If vertical deflection is present , the vertical drive 
section of the video monitor is good . If a vertical 
problem still exists , check the following areas : 

Connections 

CRT socket 

Related components (small pcb at neck of CRT) 

b. If vertical deflection is not present at C207 , check 
the Q203 emitter . 

c . If vertical deflection is not present at the Q203 
emitter , check the base of Q203 . 

d . If vertical deflection is present at the base , suspect 
Q203 . 

e . If not present at the base of Q203 , troubleshoot back . 

f . If Q203 emitter is good , check Q204 emitter . 

g . If vertical deflection is not present at Q204 emitter , 
check the base of A204 . 

h. If present at base , suspect A204 . 

i. If not present at base , troubleshoot back from Q204 . 


NOTE! 

Since Q203 and Q204 are a matched set of push/pull amplifiers , 
replace both if one require replacement . 


SYMPTOM: No Horizontal Deflections 

1 . Check the Q301 deflector for horizontal deflections . 

a. If horizontal deflections are present , proceed to Step 

2 . 

b . If not present , check the base of Q301 . 
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c. If horizontal deflections are present at the base, 
isolate the Q301 collector to see if signal is being 
pulled down. 

d. If there is no output at the Q301 collector, suspect 
Q301 . 

e. If horizontal deflections are not present at the base 
of Q301, troubleshoot between the base of Q301 and P10 
pin 1 (horizontal sync signal from the logic board). 

2. Check the Q302 deflector for horizontal deflections. 

a. If horizontal deflections are present, proceed to Step 
3. 

b. If not present, check the base of Q302. 

c. If horizontal deflections are present at the base, 
isolate the Q302 collector to see if signal is being 
pulled down. 

d. If there is no output at the Q302 collector, suspect 
A302 . 

e. If horizontal deflections are not present at the base 
of Q301 , suspect T3 01 (drive transformer ) or Q302. 

f. If the proper signal is present at Q302 collector, 
suspect the following areas: 

C306 

L201 

SYMPTOM: No Video 

1 . Suspect the following areas: 

L302 

Q302 

Q301 

T302 (FBT) 

C305 

Q501 

2. Check for cracked, broken, or lifted traces. 

SYMPTOM : Jittery Screen 

1. Make sure that yoke connector J12 is not dirty. 

2. Suspect C504. 
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3 . Check for 

* Bad crimps 

* Poor solder joints (loose solder balls, cold solder 
joints , or solder bridges ) 

SYMPTOM : Poor Linearity 

1 . If horizontal linearity is the problem , check L201 . 

2 . If vertical linearity is the problem, check the following 

a. Adjust SFT 2 (linearity potentiometer ) 

b. Q203 and Q204 

SYMPTOM : Fuses Blow and/or Voltage is Low 

1. Check T302 (FBT) 

2 . Check for cracked , broken , or lifted traces . 
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7. TROUBLESHOOTING THE POWER SUPPLY 


Visual Inspection 


With the Power Supply Installed — Turn off power to the terminal , 
open the case , and check the following possible problem areas : 

* Connectors : look for 

Loose or damaged connectors 

Broken or loose securing clips on pins at 
connectors 

Bad crimps 

Dirty contacts 

Depressed pins in connectors 
Wires : are any broken , loose , or frayed? 

Components : are any overheated , leaking , or burned? 

Bad fuse 


* 

* 

* 


NOTE! 

Check the fuse with an ohm meter . Do not rely on a 
visual check . 

* Loose fuse holder 

If defects are found , correct them and recheck the terminal 
before continuing . 

With the Power Supply Removed — The following inspections should be 
made with the power supply removed . 
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To remove the power supply; 

1. Turn the power off and remove the cover . 

2. Unplug the power cord from the wall outlet . 

3 . Disconnect K1 (AC input ) on the power supply . 

4. Disconnect Jll on the video monitor . 

5 . Disconnect J5 on the logic board . 

6 . Remove the securing screws on the power supply (four on 
the 925/950; three on 910/910 PLUS/912/920) . 

7. Carefully remove the power supply . 

With the Power Supply Removed --Inspect the power supply for : 

* Overheated , leaking , or burned components 

* Bad crimps 

* Bad connectors/connections 

NOTE! 

If defects are found , correct them and recheck the terminal 
before continuing . 

Disassemble the power supply by removing the four securing screws 
and spacers which hold the small pcb on the heat sink . 

Debugging Guide 

This section will help you troubleshoot specific malfunctions . 
Table 6-2 lists voltage levels and waveforms . 
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SYMPTOM : No +5V DC 


1. Remove F103 and check for approximately +13V on one side of 
the fuseholder. 

a. If correct voltage is not present, suspect the 
following areas: 

C105 through C108 

D105 through D108 

Bad crimps 

Loose or damaged connectors 

Broken or loose securing clips on pins at 
connectors 

b . If correct voltage is present , suspect the following 
areas : 

F103 (fuse) 

LAS1605 

C114 

C113 

Bad crimps 

Loose or damaged connectors 

Broken or loose securing clips on pins at 
connectors 

SYMPTOM : +5V DC is Low 

1 . Check the following areas : 

LAS1605 
Bad crimps 

Loose or damaged connectors 

Broken or loose securing clips on pins at 
connectors 
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SYMPTOM: No +12V DC or 13.8V DC 

1. Remove F102 and check for +24V on one side of the 
f useholder . 

a. If correct voltage is not present, suspect the 
following areas: 

C101 through 004 
DIO] through D104 
Bad crimps 

Bad connectors/connections 
Broken or loose clips 

b. If correct voltage is present, suspect the following 
areas : 

LAS1 5CB/LAS1 6CB 

C1.15 

Cl 13 

Bad crimps 

Loose or damaged connectors 

Broken or loose securing clips on pins at 
connectors 

SYMPTOM : +12V DC or +13. 8V DC is Low 

1 . Check the following areas : 

LAS15CB 

C113 

Bad crimps 

Loose or damaged connectors 

Broken or loose securing clips on pins at connectors 
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SYMPTOM: No -12V nr 


1. Check the following areas: 

C101 and C102 
D101 and D102 
D112 
C116 

Bad crimps 

Loose or damaged connectors 

Broken or loose securing clips on pins at 
connectors 

SYMPTOM : No +75V DC 

1 . Check the following areas : 

C109 (can be removed ; do not need to be replaced) 

C120 
Cll 9 
Q102 
Q103 

SYMPTOM : +75V DC is Low 

1 . Adjust SFR3 . 

2. If +75V DC cannot be adjusted , check the following areas : 

Q103 
CIO 9 

If no defects are found , reinstall the video monitor . Make sure 
the securing screws are locked tight before proceeding . 

Apply power . 
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TROUBLESHOOTING GUIDE FOR 970 TERMINAL 
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This is a general troubleshooting guide to be used with the 
Operator 1 s Manual, Maintenance Manual , and Service Bulletins as 
required . By following the procedures described here, you should 
be able to quickly isolate and repair most field failures . 


Overview of Terminal Modules 1 

Functional Description of Modules 2 

Troubleshooting the Logic Board 3 

Visual Inspection 3-1 

Large Scale Intergration Failures 3-2 

Data Line Operation 3-3 

Self tests 3-4 

Debugging Table 3-5 

Troubleshooting the Keyboard 4 

Visual Inspection 4-1 

Debugging Table 4-2 

Troubleshooting the Video Monitor 5 

Visual Inspection 5-1 

Debugging Guide 5-2 

Troubleshooting the Power Supply 6 

Visual Inspection 6-1 

Debugging Guide 6-2 
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SECTION i OVERVIEW OF TERMINAL MODULES 

The design of Televideo terminals permits fast fault isolation 
since the terminal is divided into four main modules . 

1. Video monitor 

2. Power supply 

3 . Main logic board 

4. Keyboard 

The 970 terminal begins a new generation of terminals. The design 
of the video monitor and DC power supply boards has been 
simplified to use fewer DC voltages . This change in design makes 
these two boards unique and noninter changeable with the earlier 
Televideo terminals 910 , 912 , 920 , 925 and 950 . Interchange the 
video monitor and power supply boards only with boards of the 
same type. However a logic board of the older type terminal maybe 
connected to the video monitor and power supply of the 970 . 

To verify a malfunctioning module exchange (swap) each module 
with a known good one . Once the malfunctioning module is 
identified, refer to the appropriate section in this guide for 
futher troubleshooting . 
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High voltages are retained by the CRT tube and capacitors even 
after power has been turned of f . As soon as you open the case , 
clip one end of a wire to the chassis. Attach the other end of 
the wire to an insulated screwdriver . being careful not to touch 
the metal part of the screwdriver , gently slip the metal end of 
the screwdriver under the cap of the anode, as shown in Figure 
1.1 



FIGURE 1-1 Discharging Voltages 
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auction 1 


QF M ODULES 


LOGIC BOARD 


The logic board processes, stores and manipulates data received 
and transmitted, and generates the video and sync signals 
necessary to display data on the terminal ' s screen. 

The main logic board is divided into the four following active 
sections. 

1. Main processor 

2. Display processor 

3 . 16K RAM memory 

4. I/O Interface logic 


EOHEB SURELY 


The power supply supplies four DC voltages 12v, -12v, 75v, and 5v 
to circuits within the terminal . Two fuses located on the power 
supply are user replaceable. 


VIDEO MONITOR 


The video monitor contains horizontal, vertical, and video 
amplification circuits which produce a television- type noninter- 
laced raster display. Video signals received from the display 
circuitry generate pixels (dots) at various positions across scan 
lines . These pixels, when combined with other pixels of scan 
lines above and/or below a given line, produce characters . 


KEYBOARD 


Data is encoded by a 8049 microprocessor located in position A6 
of the keyboard. The encoded data is sent to the main logic 
board serially via the coiled interface cable. On the main logic 
board the serial data is converted to parallel and applied to the 
main processor which by way of terminal firmware deciphers the 
two bytes of encoded data received from the keyboard processor . 
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SES.TJ.QJS 1 TBOUgLBSflQQIIfifi THE LCCIC BOMS 
1*1 VI SU AL IM S EE CTIflM 


With the logic board installed and power removed, remove the two 
screws at the bottom of the vented cooling tower and swing the 
bottom part of the panel away from the case , and check the items 
listed below. 

1. Socketed chips : are they all securely seated into their 

sockets and are the chip pins all straight? 

2 . Connectors : look for 

Loose, damaged or corroded connectors 
Bad crimps 

3. Wires : are any broken, loose or frayed? 

4. Components : are any components deformed or discolored? 

With the logic board removed, make the following inspections. 

To remove the logic board: 

1 . Turn the power of f . 

2 . On the logic board, carefully disconnect : 

Pi, P2 , P3 , P4 and P5 connectors 

3 . Remove the four screws in the four corners of the logic 
board 

4 . Carefully remove the logic board. 
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With the logic board removed, closely inspect the board for : 

1. Deformed, discolored or missing components. 

2. Cracked, broken or lifted traces . 

3 . Poor solder joints (loose solder balls, cold solder 
joints, or solder bridges) . 

4. Bent pins on the IC chips. 

NOTE ! 


If defects are found, correct them and retest the terminal before 
continuing . 

1+2 LSI FAIL UR ES 

Since most malfunctions involve LSI chips , this step may quickly 
remedy most failures. Exchange all socketed chips with known good 
chips, testing the terminal after exchanging each LSI chip. If 
the logic board still malfunctions after completeing the previous 
steps, confirm the operation of the data lines as outlined in the 
section Data Line Operation. 

The remainder of this section involves troubleshooting to the 
component level and requires schematics, an oscilloscope, a 
working knowledge of transistor -transistor logic (TTL) with 
experience in TTL troubleshooting . 

1+1 DATA LIKE QEEBmOH 

Confirm that the data lines are operating properly before 
proceeding f uther . 


NOTE 1 

It is beyond the scope of this troubleshooting guide to list all 
possible data line problems . 

With the logic board reconnected check the data and address lines 
that interface the Z80 CPU chip with the rest of the terminal 
logic. There should be activity on all data and address lines 
with voltages rangeing from Ov to 5v. If the malfunction persists 
after you have confirmed proper operation of the data lines, 
follow the procedure in the next section. Debugging Table. 
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The following tests are designed to aid the service personel in 
troubleshooting the 970 terminal. 

Two 25 pin male RS232 connectors are needed to make a test cable. 
The cable is an one to one pin assignment for the following pin 
requirements:2, 3 , 4 , 5, 6 , 7, 8 and 20 . This cable is to be used 
when testing the comunications of the terminal . 

Display tests ; Depressing shift SET UP 1 will display all 
characters and attributes on the screen. Depressing shift SET UP 
3 , 4 or ESC # 8 will fill the entire screen with one particular 
character . This test is helpfull when adjusting the terminal 
focus, height or linearity. 

Comunication tests ; A test cable as outlined above is required to 
successfully exercise the test . Connect one end of the test cable 
to P3 and the other end to P4 . Depress shift SET UP 2 or one of 
the sequences below. The result of the test, PASS or FAIL will be 
displayed in the lower right of the status line . 

Confidence test ; Confidence test wil preform certain tests to the 
terminal . Depress ESC [ 2 ; Ps y to initiate the test . Ps is the 
parameter indicating the test to be done. Ps is computed by 
taking the weight indicated for each desired test and adding them 
together . The values assigned each test are defined in table 3.1. 


TABLE 3-1 



WEIGHT 

TEST PERFORMED 


1 

ROM AND RAM TEST 
(CHECK ROMS' LRC AND 

TEST DISPLAYABLE RAM) 


2 

RS-232C PORT TEST 
(P3-P4 LOOPBACK 
CONNECTOR REQUIRED) 


4 

EIA CONTROL TEST 
( P3-P4 LOOPBACK 
CONNECTOR REQUIRED) 


8 

REPEAT SELECTED TEST(S) 
INDEFINITELY (UNTIL 

FAILURE OR POWER OFF) 
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NOTE i 

The items listed in the table in this section are only suspect 
areas; they should not be automatically replaced when the 
symptoms listed are present. 


SYMPTOM SUSPECT AREAS SCHEMATIC 



PART NO. 

POSITION 

PAGE 

No video 

Z80 

A80 

#1 


9007 . 

A69 

#4 


6116 

A56 

#5 


74LS166 

A50 

#5 


74S251 

A48 

#5 


2N2219 

Q3 

#6 

> 

Constant or no beep 

8049 (KYBD) 

A6 

#1 


Z80 

A80 

#1 


Firmware 

A82 ,87,99 

*2 

No cursor 

9007 

A69 

#4 


74LS374 

A6 

*6 

Distorted characters 

6116 

A56 

#5 


74LS245 

A65 

#5 


74LS374 

A64 

#5 


74LS173 

A33 

*5 


74LS157 

A40 

#5 


74LS166 

A50 

#5 


74S251 

A48 

#5 


Firmware 

A82,87,99 

#2 

Bad video every other line 

9006 

A54 , 60 

#8 

Bad attribute " " " " 

9006 

A53 r 59 

#8 

Loss of specific attribute 

9007 

A69 

#4 

74LS374 

A37 , 45 

#8 

Horizontal bar 

9007 

A69 

*4 


74LS32 

A68 

*4 


74LS32 

A7 

#9 

No transmit P3 

75188 

A43 

#7 


Z80 SIO 

hi 4 

#7 


Z80 CTC 

A92 

#10 

No transmit P4 

75188 

A51 

#7 


Z80 SIO 

hi 4 

#7 


Z80 CTC 

A92 

#10 
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SYMPTOM 

SUSPECT 

AREAS 

SCHEMATIC 


PART NO. 

POSITION 

PAGE 

No transmit P7 

26LS31 

A89 

#7 


Z80 SIO 

A85 

#7 


Z80 CTC 

A92 

#10 

No receive P3 

75189 

All 

#7 


74LS08 

A58 

#7 


Z80 SIO 

A74 

#7 


Z80 CTC 

A92 

#10 

No receive P4 

75189 

A57 

#7 


Z80 SIO 

A74 

#7 


Z80 CTC 

A92 

#10 

No receive P7 

26LS32 

A84 

#7 


Z80 SIO 

A85 

#7 


Z80 CTC 

A92 

#10 

Incorrect or no kybd response 

7414 

A100 

#7 


Z80 SIO 

A85 

#7 


Z80 CTC 

A92 

#10 


74LS138 

A93 

#9 

Incorrect Baud rate 

Z80 CTC 

A92 

#10 


74LS138 

A93 

#9 


74LS163 

A115 

#1 

Loss of Bidirectional 

74LS374 

A23 

#2 

comunication 

74LS32 

A62 

#7 
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Disconnect the keyboard from the rest of the terminal and remove 
the six screws from the bottom of the keyboard case. Carefully 
lift of the top of the keyboard case and set it aside. 

Check the Key switches for the following: 

1. Foreign objects (e.g. , paperclips, staples, matches) 

2. Liquid residue (e.g. , coffee, soft drink) 

3 . Broken keyswitches 

4 . Missing or incorrectly placed keycaps 


NOTE 1 

If defects are found, correct them and retest the terminal before 
continuing. 


Visual Inspection with the keyboard removed from the case 

Remove the screws from the corners of the keyboard and remove the 
keyboard from its case. 

Inspect the keyboard for : 

1. Deformed or discolored components 

2. Cracked, shorted, or lifted traces 

3 . Poor solder joints (loose solder balls, solder bridges, 
or cold solder joints) 
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970 KEYBOARD DEBUGGING TAMS 


SYMPTOM 

SUSPECT AREAS 

SCHEMATIC 


PART NO. POSITION 

PAGE 

One key inoperative/ 

Keyswitch 

*1 

intermittent 

Open trace, solder joint #1 


8049 (kybd) A6 

#1 

Several keys inoper- 

Open/shorted trace 

#1 

ative/intermittent 

8049 A6 

#1 


74LS145 A4,5 

#1 


Resistorpack RP1 

#1 

All keys inoperative 

Open/shorted trace 

#1 


8049 A6 

#1 


Regulator VR1 

#1 


Crystal Y1 

#1 

Incorrect characters 

Shorted trace 

#1 


8049 A6 

#1 

No beep or key click 

8049 A6 

#1 


12 



SECTION 5 


TROUBLESHOOTING THE VIDEO MONITOR 


VISUM* ISSPESTI^ 

With the video monitor installed turn off the power to the 
terminal, remove the two screws from the rear of the CRT case and 
place the cover aside. Check the following possible problem areas: 

1. Connectors: look for 

A. Loose or damaged connectors 

B. Dirty contacts 

C. Bad crimps 

2 . Wires : are any broken, loose,, or frayed? 

3. Components: are any deformed, leaking, or discolored? 

If any defects are found, correct them and retest the terminal 
before continuing . 

With the video monitor removed— The following inspections should 
be made. 

To remove the video monitor : 

1 . With the power off remove and set the cover aside and 
disconnect the following connections on the video 
monitor : 

A. J1 (DC voltages) 

B. P10 (signal) 

C. Jll (yoke) 

2 . Disconnect the following parts on the CRT tube: 

A. CRT socket (small circuit board at rear of tube) 

CAUTION pull socket off straight back to avoid breaking 
the small nipple of tube. 

B. Anode lead (WARNING see discharge procedure in section 
one) 

C. Ground wire 

3 . Remove the securing screws on the video monitor. 

4. Carefully slide the video monitor out of the case. 
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With the video monitor removed inspect it for : 

1. Deformed, leaking, or discolored components 

2. Missing or damaged components 

3. Cracked or lifted traces 

4. Poor solder joints (loose solder balls, solder bridges, 
or cold solder joints) 


NOTE l 

If defects are found, correct them and retest the terminal before 
continuing . 

If no defects are found, reinstall the video monitor and apply 
power . 


WARNING I 

High voltages are present on the video monitor . USE EXTREME CARE 
during troubleshooting . 

The four adjustments which can be made to the video monitor are 
listed in Table 5-1 . The controls are shown in Figure 5-1 . 


TABLE 5-1 


PROBLEM CONTROL 

Intensity of characters too bright, too dim Bright 

Whole screen is to tall or to short Height 

Characters are not even in height from the Linearity 

top to the bottom of the screen 

Characters are not in focus Focus 
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Brightness — 

Height — 

Vertical Linearit 


EBUGGIN( 


The remainder of this section deals with specific malfunctions 
and possible causes . 

SYMPTOM : No Vertical Defection 


1 . Check the emmiter of Q201 for the vert, signal . 

A. If it is present, proceed to step 2. 

B. If it is not present , check the base of Q201 . 

C. If the vertical deflection is not present at the base, 
troubleshoot between the base of Q201 and P10 pin five. 

2. Check the collector of Q202 for the vert, signal . 

A. If it is present, proceed to step 3 . 

B. If it is not present, check the base of Q202 . 

C. If the vertical deflection is not present at the base 
troubleshoot back from the base of Q202 . 




3 . Check the negative side of C207 for vertical deflection. 

A. If vetical deflection is present, the vertical drive of 
the video monitor is good. The following areas should be 
checked if the vertical deflection continues to fail. 

(1) Connectors P10 and J12 

(2) Yoke windings 

B. Check emmiter of Q203 . 

C. Check base of Q203 . 

D. If vertical deflection present at base of Q203 suspect 
Q203. 

E. If not present at base of Q203, troubleshoot back . 

F. If Q203 emmiter is good, check Q204 emmiter . 

G. Check base of Q204 . 

H. If vertical deflection present at base of Q204 suspect 
Q204. 

I. If not present at base, troubleshoot back from Q204. 

Since Q203 and Q204 are a matched pair of push/pull 
amplifiers, replace both if one fails. 


SYMPTOM: No Horizontal Deflection 

1 . Check the collector of Q305 for horizontal pulses . 

A. If the pulse is present , proceed to step 2 . 

B. If absent check the base of Q305 . 

C. If the Horizontal deflection is not present at the base 
troubeshoot between the base of Q305 and P10 pin one. 

2 . Check the output of IC301 at pin 3 if absent suspect IC301 . 

3 . Check the collector of Q303 for horizontal pulse. 

A. If present proceed to step 4 . 

B. If absent monitor the emmiter of Q303. 

C. If not present at the emmiter troubleshoot back . 
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4 . Check the collector of Q301 for horizontal deflection 
pulses. 

A. If pulses are present proceed to step 5 . 

B. If missing check for a signal at the base of Q301 . 

C. If no signal present troubleshoot back . 

5 . Check the collector of Q302 for the horizontal signal. 

A. If present the horizontal deflection amplifiers are 
operating properly. Check the connection from Jll to 
the yoke windings. 

B. If not present check the base of Q302 for the signal. 

C. If the signal is absent at the base of Q302 troubleshoot 
back . 
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With the Power Supply Installed — Turn off power to the terminal, 
complete the procedure on removal of the logic board, and check 
the following possible problem areas: 

1. Connectors: look for 

A. Loose or damaged connectors 

B. Dirty contacts 

C. Bad crimps 

D. Bad fuse 

2 . Wires : are any broken, loose, or frayed? 

3. Components : are any deformed, leaking, or discolored? 

NOTE I 

Check the fuse with an ohm meter . Do not rely on a visual 
check . 

4 . Loose fuse holder 

5. If defects are found, correct them and retest the terminal. 
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With the Power Supply removed — -The following inspections should 
be made. 

To remove the power supply: 

1. Turn off the power and unplug the power cord from the 
wall outlet. 

2 . Remove the main logic board as outlined in section 3 . 

3 . Disconnect Kl, K2 on the power supply PCB. 

4. Carefully slide the power supply PCB up away from the 

regulators and remove it. 

With the Power Supply Removed— Inspect the power supply for : 

1. Deformed, leaking, or discolored components 

2. Burned or lifted traces 

3 . Bad crimps on K1 and K2 connectors 

4. Poor connections 

If defects are found, correct the defects and retest the terminal 
before proceeding. 
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The remainder of this section deals with specific malfunctions 
and possible causes. 

SYMPTOM: No +5V DC 

1. Remove F103 and check for approximately 34V DC. If the 
correct voltage is not present, suspect the following 
components : 

A. D105 through D108 

B. Bad crimps, or poor connections to K1 . 

2. If the correct voltage is present, suspect the following 
components : 

A. F103 

B. 80506Z 

C. C106 through C112 

SYMPTOM: +5V DC is low 

1 . Check the following components : 

A. IC103 ( 80506 Z ) 

B. C106 through C112 

C. Damaged or loose connectors 

SYMPTOM: No +12V DC 

1 . Remove F102 and check for approximately 26V DC. If the 
voltage is not present, suspect the following 
components : 

A. D101 through D104 

B. Bad crimps or poor connections to Kl. 

2. If the correct voltage is present, suspect the following 
components : 

A. IC101 (3122P) 

B. Q101 

C. C101, C102 , C103 , and C116 
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SYMPTOM : 


+12V DC is low 


( 

1. Check the following components: 

A. R102 

B. IC101 (3122P) 

C. C103 

D. Damaged or loose connectors 

SYMPTOM: No -12V DC 

1. Check the following components : 

A. D101 through D104 

B. C104 and C105 

C. IC102 (7912) 

D. Damaged or loose connections 

SYMPTOM: No +75V DC 

1. Check the following components: C 

A. D109 

B. C113 , C114 , and C115 

C. Q102 and Q103 

SYMPTOM: +75V DC is low 

1 . Adjust SFR3 

2. If unable to adjust SFR3, check the following components 

A. Q102 and Q103 

B. DUO 
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8048H/8048H-1/8035HL/8035HL-1 
HMDS SINGLE COMPONENT 8-BIT MICROCOMPUTER 

• 8048H/8048H-1 Mask Programmable ROM 

• 8035HL/8035HL-1 CPU Only with Power Down Mode 

■ 8-BIT CPU, ROM, RAM, I/O in Single 
Package 

n High Performance HMDS 

■ Reduced Power Consumption 

m 1.4 usee and 1.9 usee Cycle Versions 
All Instructions 1 or 2 Cycles. 

a Over 90 Instructions: 70% Single Byte 

The Intel® 8048H/8048H-1/8035HL/8035HL-1 are totally self-sufficient, 8-bit parallel computers fabricated 
on single silicon chips using Intel's advanced N-channel silicon gate HMOS process. 

The 804 8 H contains a IK X 8 program memory, a 64 X 8 RAM data memory, 27 I/O lines, and an 8-bit 
timer/counter in addition to on-board oscillator and clock circuits For systems that require extra capability 
the 8048H can be expanded using standard memories and MCS-80 T 7MCS-85 T “ peripherals. The 8035HL is 
the equivalent of the 8048H without program memory and can be used with external ROM AND RAM. 

To reduce development problems to a minimum and provide maximum flexibility, a logically and functionally 
pin compatible version of the 8048H with UV-erasable user-programmable EPROM program memory isavail- 
able. The 8748 will emulate the 8048H up to 6 MHz clock frequency with minor differences. 

The 8048H is fully compatible with the 8048 when operated at 6 MHz. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of 
program memory results from an instruction set consisting mostly of single bit instructions and no in- 
structions over 2 bytes in length. 


■ IK x 8 ROM 
64 x 8 RAM 
27 I/O Lines 

■ Interval Timer/Event Counter 

■ Easily Expandable Memory and I/O 

■ Compatible with 8080/8085 Series 
Peripherals 

■ Two Single Level Interrupts 



PIN CONFIGURATION 


LOGIC SYMBOL 


BLOCK DIAGRAM 







Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product No other circuit patent licenses arc implied 


©Intel Corporation I860 
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8048H/8048H-1/8035HL/8035HL-1 


PIN DESCRIPTION 


Designation 

Pin = 

Function 

Designation 

Pin 

V SS 

20 

Circuit GND potential 



V DD 

26 

Low power standby pin 



< 

o 

o 

40 

Main power supply; +5V 
during operation. 

RD 

8 

PROG 

25 

Output strobe for 8243 I/O 
expander. 



P10-P17 

27-34 

8-bit quasi-bidirectional 



Port 1 


port. 



P20-27 

21-24 

8-bit quasi-bidirectional 



Port 2 

35-38 

port. 

P20-P23 contain the four 
high order program counter 
bits during an external pro- 
gram memory fetch and 

RESET 

WR 

4 



serve as a 4-bit I/O expander 
bus for 8243. 

10 


DB0-DB7 

12-19 

True bidirectional port 



BUS 


which can be written or read 
synchronously using the 

RD. WR strobes. The port 
can also be statically 
latched. 

ALE 

11 



Contains the 8 low order 
program counter bits during 
an external program 
memory fetch, and receives 
the addressed instruction 
under the control of PSEN. 
Also contains the address 
and data during an external 
RAM data store instruction. 

PEER 

9 







under control of ALE, RD, 

ss 

5 



and WR. 



TO 

1 

Input pin testable using the 
conditional transfer in- 
structions JTO and JNTO. TO 
can be designated as a clock 
output using ENTO CLK 
instruction. 

EA 

7 

T1 

39 

Input pin testable using the 
JT1, and JNT1 instructions. 
Can be designated the 
timer/counter input using 
the STRT CNT instruction. 



(NT 

6 

Interrupt input. Initiates an 
interrupt if interrupt is 

XTAL1 

2 



enabled. Interrupt is dis- 
abled after a reset. Also 

XTAL2 

3 
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Function 

testable with conditional 
jump instruction 
(Active low) 

Output strobe activated 
during a BUS read. Can be 
used to enable data onto the 
bus from an external device. 

Used as a read strobe to 
external data memory. 
(Active low) 

Input which is used to 
initialize the processor. 
(Active low) 

(Non TTL V| H ) 

Output strobe during a bus 
write. (Active low) 

Used as write strobe to 
external data memory. 

Address latch enable. This 
signal occurs once during 
each cycle and is useful as a 
clock output. 

The negative edge of ALE 
strobes address into ex- 
ternal data and program 
memory. 

Program store enable. This 
output occurs only during a 
fetch to external program 
memory. (Active low) 

Single step input can be 
used in conjuhction with 
ALE to “single step" the 
processor through each 
instruction. (Active low) 

External access input which 
forces all program memory 
fetches to reference external 
memory. Useful for emula- 
tion and debug, and 
essential for testing and 
program verification. 

(Active high) 

One side of crystal input for 
internal oscillator. Also 
input for external source. 
(Non TTL V| H ) 

Other side of crystal input. 


AFN-01491A-0? 



iny 


8048H/8048H-1/8035HL-1/8035HL-1 
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8048H/8048H-1 /8035HL/8035H L-1 


1 — 




Port control Setup Before Falling 110 
Edge of PROG 


d After Falling 100 

Edge of PROG. 


PROG to Time P2 Input Must Be Valid 


Input Data Hold Time 



l DP 


tpD 


tpp 


tpL 


t L p 


PORT 2 TIMING 




■j iB UHe ianaaini 


Port 2 I/O Data'Hold 




8048H-1 

8035HL-1 


11 MHz 


Min. 






EXPANDER 

PORT 


OUTPUT DATA | 


EXPANDER 

PORT 



SYMBOL 

FUNCTION OF TCY 


SYMBOL 

FUNCTION OF TCY 


Tll 

7/30 

t CY 

MIN 


TRD (1)' 

11/30 

t CY 

MAX 

Trd (1) : RD 

Tal 

1/10 

t CY 

MIN 


t RD (2) 

3/10 

t cy 

MAX 

Tr D (2) : PSEN 

Tla 

1/15 

t cy 

MIN 


t aw 

3/10 

t cy 

MIN 


TCC (D 

1/2 

t CY 

MIN 

T CC (1) : RD/WR 

Tad ID 

1/2 

t cy 

MAX 


TCC (2) 

2/5 

t cy 

MIN 

T CC (2) : PSEN 

Tad (2) 

1/3 

t CY 

MAX 

tad (1) : RD 

Tdw 

2/15 

t cy 

MIN 


t afc 

1/30 

Toy 

MIN 

Tad (2) : PSEN 

TWO 

1/15 

t cy 

MIN 


Tca 

1/15 

t cy 

MIN 

tdr 

0 


MIN 







APPROXIMATE VALUES NOT INCLUDING GATE DELAYS. 










































. 

Parameter 

8048H 

8035HL 

6 MHz 

■X 

Min. 

JyJJJl 


ALE Pulse Width 



270 

Address Setup to ALE 

75 


75 

Address Hold from ALE 

65 


.65 

Control Pulse Width (PSEN, RD, WR) 

700 


490 

Data Setup before WR 

370 


370 

Data Hold after WR 

80 

■ 

80 

Cycle Time 

2 5 



Data Hold 

0 

E29 

m 

PSEN, RD to Data In 





flHz 

Max. 






8048H-1 




*AW 

Address Setup to WR 

230 


210 


200 


ns 


l AD 

Address Setup to Data In 


950 


650 


400 

ns 


*AFC 

Address Float to RD, PSEN 

0 


0 


-1 


ns 


*CA 

Control Pulse to ALE 

10 


10 


0 


ns 



NOTE 1: Control outputs CL 

BUS outputs CL 


80 pF 
150 pF 


NOTE 2: BUS High Impedance Load: 20 pF 
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PART NUMBER 

R6551 


Rockwell 


R6500 Microcomputer System 
DATA SHEET 



Tht R6551 Asynchronous Communication Interface Adaptor 
(ACf A) provides a program controlled interface between 8-bit 
microprocessor-based systems and serial communication data 
sets and modems 

With its onchip baud rate generator, the R6551 is capable of 
transmitting at 15 different program -selectable rates between 
50 baud and 19,200 baud, and receiving at either the transmit 
rate or at 16 times an external clock rate. The R6551 ha# pro- 
grammable word lengths of 5, 6, 7, or 8 bits; even, odd or no 
parity; 1, M/2 or 2 stop bits. 

With the R6551, a crystal is the only required external support 
component - eliminating the multiple -component support that 
is typically needed 

In addition, the R6551 is designed for maximum programmed 
control from the CPU, to simplify hardware implementation. A 
control register and a separate command register permit the CPU 
to easily select the R655V* operating modes and check data, 
parameters and status. 


FEATURES 

• Compatible with 8-bit microprocessors 

• duplex or half duplex operation with buffered receiver 
and transmitter 

• 15 programmable Baud Rates ISO to 19,200) 

• Receiver data rate may be identical to baud rate or may be 
16 times the external clock input 

m Data set/modem control functions 

• Programmable word lengths, number of stop bits, and parity 
bit generation and detection 

• Programmable interrupt control 

• Software reset 

• Program-selectable serial echo mode 

• Two chip selects 

• 2 MHz or 1 MHz clock rate 

• Single +5V ±5% power supply 

• 28-pin plastic or ceramic DIP 
m Full TTL compatibility 
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Ordering Information 


Order 

Number 

Package 

Type 

Frequency 

Temperature 

Range 

R6551P 

Plastic 

1 MHz 

0°C to +70°C 

R6551AP 

Plastic 

2 MHz 

0°C to +70°C 

R6551C 

Ceramic 

1 MHz 

0°C to +70°C 

R6551AC 

Ceramic 

2 MHz 

0°C to +70°C 


1 

28 

2 

27 

3 

26 

4 

25 

5 

24 

6 

23 

7 

22 

8 

21 

9 

20 

10 

19 

11 

18 

12 

17 

13 

16 

14 

15 


ID§1* 


R6551 Pin Configuration 


© Rockwall International Corporation 1981 
All Rtghts Resarvad 
Pnntad in U S A 


DATA 

BUS 

BUFFERS 


INTERRUPTl 

LOGIC 


m 

CONTROL 


TIMING 
ft CONTROL 
LOGIC 


TRANSMIT 

CONTROL 


TRANSMIT 
DATA ft 
SHIFT 
REGISTERS 


STATUS 

REGISTER 


BAUD 

RATI 

GENERATOR 


CONTROL 

REGISTER 


COMMAND 

REGISTER 


RECEIVE 
DATA ft 
SHIFT 
REGISTERS 


RECEIVE 

CONTROL 


R6551 Interface Diagram 


Specifications subject to 
Chang* without none# 
Document No. 21000 9S) 
Rev. 1. January 19S1 


Asynchronous Communication Interface Adapter (AC I A) 





INTERNAL ORGANIZATION 



T ransmitter/Receiver 

Bits 0-3 of the Control Register select the divisor used to generate the 
baud rate for the Transmitter. If the Receiver clock is to use the same 
baud rate as the Transmitter, then RxC becomes an output pin and 
can be used to slave other circuits to the R6551. 


Control Register 

The Control Register selects the desired baud rate, frequency 
source, word length, and the number of stop bits. 



WL “ 8 m& Partly) 



Trammitter/Receiver Clock Circuits 
Transmit and Receive Data Registers 

These registers are used as temporary data storage for the 6551 Trans- 
mit and Receive circuits. The Transmit Data Register is characterized 
as follows: 


• Bit 0 is the leading bit to be transmitted. 

• Unused data bits are the high-order bits and are "don't care" 
for transmission. 

The Receive Data Register is characterized in a similar fashion: 

• Bit 0 is the leading bit received. 

® Unused data bits are the high-order bits and are "0" for the 
receiver. 

» Parity bits are not contained in the Receive Data Register, but 
are stripped-off after being used for external parity checking. 
Parity and all unused high -order bits are "0". 


R65S1 Control Register 


Command Register 

The Command Register controls specific modes and functions. 



R8SS1 Command Register 








Status Register 

The Status Register reports the status of various R6SS1 functions 



R6551 Status Register 


INTERFACE SIGNAL DESCRIPTION 

RES (Reset) 

During system initialization a low on the RES input will cause internal 
registers to be cleared. 

§2 Unput Clock) 

The input dock is the system 02 dock and is used to synchronize all 
data transfers between the system microprocessor and the R6SS1. 

R/W (Read/Write) 

The R/W is generated by the microprocessor and is used to control 
the direction of data transfers. A high on the R/W pin allows thejsroc- 
essor to read the data supplied by the R6551 . A low on the R/W pin 
allows a write to the R6551. 

IRQ (Interrupt Request) 

The FTO pin is an interrupt output from the interrupt control logic. 
It is an open drain output, permitting several devices to be connected 
to the common microprocessor input. Normally a high level, 

IRQ goes low when an interrupt occurs. 

D0-D7 (Data Bus) 

The D0-D7 pins are the eight data lines used to transfer data between 
the processor and the R6551. These lines are bi-directional and are 
normally high-impedance, except during Read cycles when the R6551 
is selected. 


CSO. CS1 (Chip Salads) 

The two chip select inputs are normally connected to the processor 
address lines either directly or through decoders. The R6551 is selected 
when CSO is high and C$1 is low. 

RSO, RSI (Register Selects) 

The two register select lines are normally connected to the processor 
address lines to allow the processor to select the various R6551 internal 
registers. The following table indicates the internal register select 
coding: 


RSI 

RSO 

Write 

Read 

0 

0 

Transmit Data 
Register 

Receiver Data 
Register 

0 

1 

Programmed 

Reset (Data is 
"Don't Care") 

Status Register 

1 

0 

Command Register 

1 

1 

Control Register 


Note that only the Command and Control registers are read/write. 
The Programmed Reset operation does not cause any data transfer, 
but is used to clear Bits 0 through 4 in the Command Register and Bit 2 
in the Status Register. The Programmed Reset is slightly different 
from the Hardware Reset (RES); these differences are described in the 
individual register definitions. 

ACSA/Modem Interface Signal Description 

XTLI.XTLO (Crystal Pins) 

These pins are normally directly connected to the external crystal 
(1.8432 MHz) used to derive the various baud rates. Alternatively, 
an externally generated clock may be used to drive the XTLI pin, in 
which case the XTLO pin must float. XTLI is the input pin for the 
transmit clock. 

TxD (Transmit Data) 

The TxD output line is used to transfer serial NRZ (non-return-to- 
zero) data to the modem. The LSB (least significant bit) of the Trans- 
mit Data Register is the first data bit transmitted and the rate of data 
transmission is determined by the baud rate selected, or under control 
of an external clock (as selected by the Control Register). 

RxD (Receive Date) 

The RxD input line is used to transfer serial NRZ data ihto the ACIA 
from the modem, LSB first. The receiver data rate is either the pro- 
grammed baud rate or the rate of an externally generated receiver 
clock (as selected by the Control Register). 

RxC (Receive Clock) 

The RxC is a bi-directional pin which serves as either the receiver I6x 
clock input or the receiver 16x clock output. The latter mode results 
if the internal baud rate generator is selected for receiver data clocking. 






RTS (Request to Send) 

The PPfl output pin is used to control the modem from the processor. 
The state of the RTS pin is determined by the contents of the Com 
mand Register. 

€TS (Clear t© Semi) 

The CT5 input pin is used to control the transmitter operation. The 
enable state is with £T1> low. The transmitter is automatically dis- 
abled if CTS is high. 

DTR (Data Terminal Ready) 

This output pin is used to indicate the status of the R6551 to the 
modem. A low on DTR indicates the R6551 is enabled and a high 
indicates it is disabled. The processor controls this pm via bit 0 of 
the Command Register. 


DSR (Data Set Ready) 

The DSR input pin is used to indicate to the R6551 the status of the 
mod em. A low indicates the “ready** state and a high, "not -ready". 
DSR is a high-impedance input, and must be connected. If unused, 
it should be driven high or low, but not switched. 

DCD (Data Carrier Detect) 

The DCD input pin is used to indicate to the R6551 the status of the 
carrier-detec*, output of the modem. A low indicates that the modem 
earner signal is present and a high, that it is not. Like DSR, DCD is 
a high-impedance input, and must be connected. 


READ/WRITE CYCLE CHARACTERISTICS 

(Vcc ■ 5.0V ±5%. T a = 0 to 70°C, unless otherwise noted) 


Characteristic 

Symbol 

1 MHz 

2 MHz 

Unit 

Min 

Mast 

Min 

Max 

Cycle Time 

‘CYC 

1.0 

40 

0.5 

40 

US 

®2 Pulse Width 

tc 

400 

- 

200 

- 

ns 

Address Set-Up Time 

*AC 

120 

- 

70 

- 

ns 

Address Hold Time 

*CAH 

0 


0 

- 

ns 

R/W Set-Up Time 

«WC 

120 

- 

70 

- 

ns 

R/W Hold Time 

*CWH 

0 

- 

0 

- 

ns 

Data Bus Set-Up Time 

*DCW 

150 

- 

60 

- 

ns 

Data Bus Hold Time 

‘MW 

20 

- 

20 

~ 

ns 

Read Access Time (Valid Data) 

‘CDR 

- 

200 

- 

150 

ns 

Read Hold Time 

‘HR 

20 

- 

20 

- 

ns 

Bus Active Time (Invalid Data) 

*CDA 

40 

- 

40 

- 

ns 


(t r and tf “ 10 to 30 ns) 






TRANSMIT/RECEIVE CHARACTERISTICS 


f— ' ' ~ 


1 MHz 

2 MHz 


Characteristic 

Symbol 

Min 

Max 

Min 

Max 

Unit 

T ransm i! /Receive 

Clock Rate 

*CCY 

400* 

- 

400* 

- 

ns 

Transmit/Receive 

Clock High Time 

*GH 

175 

- 

175 

- 

ns 

Transmit/Receive 

Clock Low Time 

l CL 

175 

- 

175 

- 

ns 

XTLI to TxD 
Propagation Delay 

*DD 

- 

BOO 

i 

- 

500 

ns 

RTS Propagation 

Delay 

*OLY 

- 

500 


500 

ns 

IRQ Propagation 

Delay (Clear) 

*IRQ 

- 

500 

- 

500 

ns 


<t r . t f = 10 to 30 ns) 


®The baud rate with external clocking is: Baud Rate = -■ ■ 1 ^ — - — 

16 * T CCY 



Transmit Timing with External Clock 



RxC 

(SWUT) 



Receive External Clock Timing 


PACKAGE OUTLINES 


28 LEAD CERAMIC 


28 LEAD PLASTIC 


) 



t 

(. 5 * 0 ) 




(- 570 ) 

_L 


(. 115 ) 
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R6500 MICROPROCESSORS (CPU's) 


SYSTEM ABSTRACT 

The 8 'bit R650G microcomputer system is produced with N- 
Chennei, Silicon Gats technology. Its performance speeds ere 
enhanced by advanced system architecture. This innovative 
architecture results in smaller chip* - the semiconductor threshold 
to cost-eff activity. System eost-effectivity is further enhanced by 
providing a family of 10 software-compatible microprocessor 
(CPU) devices, described in this document. Rockwell also pro- 
vides memory and microcomputer system ... as well as low-cost 
design aids and documentation. 

R6500 MICROPROCESSOR (CPU) CONCEPT 

Ten CPU devices are available. All are software-compatible. 
They provide options of addressable memory, interrupt input, 
on-chip clock oscillators and drivers. All ere bus-compatible 
with earlier generation microprocessors like the M6800 devices. 

The family includes six microprocessors with on-board dock 
oscillators and driver* and four microprocessors driven by external 
dock*. The on-chip clock versions are aimed at high performance, 
low cost applications where single phase inputs, crystal or RC 
inputs provide the time base. The external dock versions are 
geared for multiprocessor system applications where maximum 
timing control is mandatory. All R6SOO microprocessors are 
also available in a variety of packaging (ceramic and plastic), 
operating frequency (1 MHz and 2 MHz) and temperature (com- 
mercial, industrial and military) versions. 


MEMBERS OF THE R6500 MICROPROCESSOR 
(CPU) FAMILY 

Microprocessors with On-Chip Clock Oscillator 


Model 

Addressable Memory 

R6S02 

65 K Bytes 

R6503 

4K Bytes 

R6504 

8K Bytes 

R6505 

4K Bytes 

R6506 

4K Bytes 

R6507 

8K Bytes 

icroprocessors with External Two Phase * 

Modal 

Addressable Memory 

R6S12 

65K Bytes 

R6513 

4K Bytes 

R6514 

8K Bytes 

R6515 

4K Bytes 



FEATURES 

• Single +SV supply 

« N channel, silicon gate, depletion load technology 

• Eight bit parallel processing 
a 56 Instructions 

a Decimal and binary arithmetic 
a Thirteen addressing modes 
a True indexing capability 
a Programmable stack pointer 
a Variable length stack 
a Interrupt capability 
a Mon-maskable interrupt 
a Us® with any type of speed memory 
a 8-bit Bidirectional Data Bus 
a Addressable memory range of up to 66K bytes 
a “Ready" input 
a Direct Memory Access capability 
a Bus compatible with M6800 
a 1 MHz and 2 MHz operation 
a Choice of external or on-chip docks 
a On-the-chip clock options 
— External single dock input 
— RC time base input 
— Crystal time base input 

a Commercial, industrial and military temperature versions 
a Pipeline architecture 


Ordering Information 

Order Number: R65XX« — — 

^“Temperature Range: 

No suffix « 0°C to +70°C 
E - -40°C to +85°C 
(Industrial) 

MT * -65°C to +125°C 
(Military) 

M - MIL-STD-883, 
Class i 

— Package: 

C - Ceramic 
P - Plastic 
(Not Avaible for 
M or MT suffix) 

Frequency Range: 

No suffix ® 1 MHz 
A - 2 MHz 

Model Designator: 

XX * 02,03,04, ... 15 

NOTE: Contact your local Rockwell Representative 
concerning availability. 
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R6600 MICROPROCESSORS (CPU's) 


R6500 Signal Description 


Ctec fc* l^i 

Th* RSS1X requires ® two phas® non-overlapping dock that rum 
m th® voltage level. 

Th® BSSOX docks are supplied with an internal dock generator. 
Th® frecjueoey of these docks is externally controlled. 

MMmm Bm (A0-A15) 

Yhe»® outputs art TTL compatible, capable of driving one standard 
TTL load end 13© pF. 

Out® Bm (D0-D7) 

light pins are used for the data bus. Thii is a bidirectional bus, 
transferring data to and from th® device and peripherals. Th® out- 
puts are tri-state buffers capable of driving one standard TTL load 
and 13© pF. 

Data Bus Enable (DUE) 

This TTL compatible input allows external control of th® tri-atate 
data output buffers and will enable the microprocessor bus driver 
whan In th® high state. In normal operation DBE would he driven 
by the phase two {0^ dock, thus allowing data output from 
microprocessor only during During th® read cycle, the data 
bus driven are Internally disabled, becoming essentially an open 
drey it. To disable data bus driven externally, DBE should be held 
low. 

Beady (RDY) 

This input signal allows th® user to halt or single cycle the micro- 
processor on all cycles except writ® cycles. A negative transition 
to the low state during or coincident with phase one (0 j) will halt 
the microprocessor with the output address lint's reflecting the 
current address being fetched. If Ready is low during a write 
cycle, it is ignored until the following read operation. This con- 
dition will remain through a subsequent phase two {02^ ’ n which 
the Reedy signal is low. This feature allows microprocessor inter- 
facing with th® low speed PROMs m well as fast (max. 2 cycle) 
Direct Memory Access (DMA). 

Interrupt Request (fH5) 

This TTL level input requests that an interrupt sequence begin 
within the microprocessor. The microprocessor will complete the 
current instruction being executed before recognizing the request. 
At that time, the interrupt mask bit in the Status Code Register 
will be examined. If the interrupt mask flag is not set, the micro- 
processor will begin an interrupt sequence. The Program Counter 
and Processor Status Register art stored in the stack. The micro- 
processor will then set the interrupt mask flag high so that no fur- 
ther interrupts mey occur. At th® end of this cycle, the program 
counter low will fee loaded from address FFPE, and program 
counter high from location FFFF, therefore transferring program 
control to the memory vector located at these addresses. The 
ROY signal must be in the high state for any interrupt to be rec- 
ognized. A 3KO external resistor should be used for proper 
wire-OR operation. 


NeMttHfeabte Intemipt (NHI) 

A negative going edge on this Input requests that a non-maskable 
interrupt sequence be generated within the microprocessor. 

m\ r§ an unconditional interrupt. Following completion of the 
current instruction, the sequence of operations defined for IRQ 
will be performed, regardless of the state interrupt mask flag. The 
vector address loaded into the program counter, low and high, are 
locations FFFA and FFFS respectively, thereby transferring pro- 
gram control to th® memory vector located at these addressee. 
Th® instructions loaded at these locations cause the microproc- 
essor to branch to a non-maskable interrupt routine in memory. 

NMt tiio requires m external 3K fl register to V CC for proper 
wire-OR operations. 

Inputs IRQ and NMI are hardware Interrupts, lints that are sam- 
pled during 0j 2) and will begin the appropriate interrupt 

routine on the (phase 1) following the completion of th# cur- 
rent instruction. 

§®rt Overflow Flag (S.O.) 

A negative going edge on this input sets the overflow bit In the 
Status Cod® Register. This signal is sampled on the trailing edge ©f 
$1 *nd must be externally synchronized. 

SYNC 

This output line is provided t© identify those cycles in which th® 
microprocessor is doing an DP CODE fetch. The SYNC tine goes 
high during ^ of an OP CODE fetch and stays high for the 
remainder of that cycle. If th® RDY lint is pulled low during th# 
0 1 clock pulse In which SYNC went high, the processor will stop 
in its current state and will remain in the state until the RDY line 
goes high. In this manner, the SYNC signal can be used to control 
RDY t© cause single instruction execution. 


Renat 

This input it used to reset or start the microprocessor from § 
power down condition. During the time that this line is held low, 
writing to ©r from the microprocessor is inhibited. When a posi- 
tive edge it detected on the input, the microprocessor will imme- 
diately begin the reset sequence. 

After a system initialization time of six clock cycles, the mask 
interrupt flag will fee set and the microprocessor will load the pro- 
gram counter from the memory vector locations FFFC and FFFD. 
This is the start location for program control. 

After reaches 4.75 volts in a power up routine, reset must b§ 
held low for at least two clock cycles. At this time the R/W and 
(SYNC) signal will become valid. 

When the reset signal goes high following these two dock cycles, 
the microprocessor will proceed with th# normal reset procedure 
detailed above. 



ADDRESSING MODES 


ACCUMULATOR ADDRESSING - This form of acfeiratsing « 
represented with a &m byta instruction, implying an operation on 
the accumulator. 

IMMEDIATE ADDRESSING - In immediate addressing, the 
operand is contained in the second byte of the instruction, with 
no further memory addressing required. 

ABSOLUTE ADDRESSING - In absolute addressing, tfsr second 
byte of the instruction specifies the eight low order bits of the 
effective address while the third byte specifies the eight high 
order bits. Thus, the absolute addressing mode allows access to 
the entire 85 K bytes of addressable memory. 

ZERO RAGE ADDRESSING — The sero page instructions allow 
for shorter code and execution times by only fetching the second 
byte of the instruction and assuming a zero high address byte. 
Careful use of the zero pegs can result in significant increase in 
code efficiency. 

INDEXED ZERO PAGE ADDRESSING - (X, Y indexing) - This 
form of addressing is used in conjunction with the index register 
and is referred to as "Zero Peg®, X" or "Zero Pag®, Y'\ The effec- 
tive address is calculated by adding the second byte to the con- 
tents of the index register. Since this is a form of "Zero Page" 
addressing, the content of the second byte references a location in 
page zero. Additionally due to the "Zero Page" addressing nature 
of this mode, no carry is added to the high order 8 bits of memory 
and crossing of page boundaries dots not occur. 

INDEXED ABSOLUTE ADDRESSING - (X. Y indexing) - This 
form of addressing is used in conjunction with X and Y index reg- 
ister and is referred to m "Absolute, X",aod "Absolute, Y". The 
effective address is formed by adding the contents of X or Y to 
the address contained in the second and third bytes of the instruc- 
tion. This mode allows the index register to contain the index or 
count value and the instruction to contain the base address. This 
type of indexing allows any location referencing and the index to 
modify multiple fields resulting in reduced coding and execution 
time. 


IMPLIED ADDRESSING — In the implied addressing mode, the 
address containing the operand is implicitly stated in the operation 
code of the instruction. 

RELATIVE ADDRESSING - Relative addresing is used only 
with branch instructions and establishes a destination for the con- 
ditional branch. 

The second byte of the instruction becomes the operand which is 
an "Offset" added to the contents of the lower tight bits of the 
program counter when the counter is set at the next instruction. 
The range of the offset is -128 to *127 bytes from the next 
instruction. 

INDEXED INDIRECT ADDRESSING - In indexed indirect 
addressing (referred to m (Indirect, X)), the second byte of the 
instruction is added to the contents of the X index register, dis- 
carding the carry. The result of tins addition points to a memory 
location on page zero whose contents is the low order eight bits 
of the effective address. The next memory location in page zero 
contains the high order eight bits of the effective address. Both 
memory locations specifying the high and low order bytes of the 
effective address must be in page zero. 

INDIRECT INDEXED ADDRESSING - In indirect indexed 
addressing (referred to as (Indirect), Y), the second byte of the 
instruction points to a memory location in peg© zero. The con- 
tents of this memory location is added to the contents of the Y 
index register, the result being the low order eight bits of the 
effective address. Th® carry from this addition is added to the 
contents of the next page zero memory location, the result being 
the high order eight bits of the effective address. 

ABSOLUTE INDIRECT — The second byte of the instruction 
contains the low order eight bits of a memory location. The high 
order eight bits of that memory location is contained in the third 
byte of the instruction. The contents of the fully specified mem- 
ory location is th® low order byte of th* effective address. The 
next memory location contains the high order byte of the effec- 
tive address which is loaded into the sixteen bits of the program 
counter. 


INSTRUCTION SET - ALPHABETIC SEQUENCE 


ADC Add Memory to Accumulator with Carry 

AND "AND" Memory with Accumulator 

ASL Shift left One Bit (Memory or Accumulator) 

BGC Branch on Carry Clear 

BCS Branch on Carry Set 

BEQ Branch on Result Zero 

BIT Test Bits in Memory with Accumulator 

BMI Branch on Result Minus 

BNE Branch on Result not Zero 

BPL Branch on Result Plus 

SRK Force Break 

BVC Branch on Overflow Clear 

BVS Branch on Overflow Set 


JMP Jump to New Location 

JSR Jump to New Location Saving Return Address 

LDA Load Accumulator with Memory 

LDX Load Index X with Memory 

LDY Load Index Y with Memory 

LSR Shift One Bit Right (Memory or Accumulator) 

NOP No Operation 

ORA "OR" Memory with Accumulator 

PHA Push Accumulator on Stack 
PHP Push Processor Status on Stack 
PLA Pull Accumulator from Stack 
PLP Pull Processor Status from Stack 


CLC Clear Carry Flag 

CLD Clear Decimal Mode 

CLI Clear Interrupt Disable Bit 

CLV Clear Overflow Flag 

CMP Compare Memory and Accumulator 

CPX Compare Memory and Index X 

CPY Compare Memory and Index Y 

DEC Decrement Memory by One 
DEX Decrement Index X by One 
DEY Decrement Index Y by One 

EOR "Exelusive-or" Memory with Accumulator 

INC Increment Memory by One 
INX Increment Index X by One 
INY Increment Index Y by One 


ROL Rotate One Bit Left (Memory or Accumulator) 
ROR Rotate One Bit Right (Memory or Accumulator) 
RTI Return from Interrupt 
RTS Return from Subroutine 

SBC Subtract Memory from Accumulator with Borrow 

SEC Set Carry Flag 

SEO Set Decimal Mode 

SEt Set Interrupt Disable Status 

ST A Store Accumulator in Memory 

STX Store Index X in Memory 

STY Store Index Y in Memory 

TAX Transfer Accumulator to Index X 
TAY Transfer Accumulator to Index Y 
TSX Transfer Stack Pointer to Index X 
TXA Transfer Index X to Accumulator 
TXS Transfer Index X to Stack Register 
TYA Transfer Index Y to Accumulator 



R6502 - 40 Pin Package 
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Features of RSS02 

• 65K Addressable Bytes of Memory (A0-A1S) 

• IRQ Interrupt 

• On thecHip Clock 

TTL Level Single Phase Input 
RG Time Base Input 
Crystal Time Base Input 
e SYNC Signal 

lean be used for single instruction execution) 

• RDY Signal 

lean be used to halt or single cycle execution) 
a Two Phase Output Clock for Timing ©f Support Chips 
« NMI Interrupt 



INSTRUCTION SET 
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ACCUMULATOR 
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INDEX REGISTER Y 

INDEX REGISTER X 

PROGRAM COUNTER “PC" 
STACK POINTER "S" 











REGISTER SECTION 


CONTROL SECTION 
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1 Clock Generator it not included on R6512, 13. 14, 15 
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ol the R6500 Product*. 
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VERSATILE INTERFACE ADAPTER (VIA) 


SYSTEM ABSTRACT 

The 8 b«t R6500 microcomputer system is produced with N- 
channel, silicon-gate. depletion-load technology. Its perform- 
ance speeds are enhanced by advanced system architecture. 
Its innovative architecture results in smaller chips - the semi- 
conductor threshold to cost-effectivity . System cost-effectivity 
is further enhanced by providing a family of 10 software-com- 
patible microprocessor (CPU) devices, memory and I/O devices . . . 
as well as low-cost design aids and documentation. 

DESCRIPTION 

The R6522 VIA adds two powerful, flexible Interval Timers, 
a senal-to-parallel/parallel-to-senal shift register and input latch- 
ing on the peripheral ports to the capabilities of the R6520 
Peripheral Interface Adapter (PIA) device. Handshaking capa- 
bility is expanded to allow control of bidirectional data trans- 
fers between VlAs m multiple processor systems and between 
peripherals. 

Control of peripherals is primarily through two 8*bit bidirectional 
ports. Each of these ports can be programmed to act as an input 
or an output. Peripheral I/O lines can be selectively controlled 
by the Interval Timers to generate programmable-frequency square 
waves and/or to count externally generated pulses. Positive con- 
trol of VIA functions is gained through its internal register organi- 
zation: Interrupt Flag Register. Interrupt Enable Register, and 

two Function Control Registers. 


FEATURES 

» Organized for simplified software control of many functions 

9 Compatible with the R650X and R651X family of micro- 
processors (CPUs) 

9 Bi-directional, 8-foit data bus for communication with micro- 
processor 

• Two Bi-directional, 8-bit input/output ports for interface with 
peripheral devices 

• CMOS and TTL compatible input/output peripheral ports 

m Data Direction Registers allow each peripheral pin to act as 
either an input or an output 

® Interrupt Flag Register allows the microprocessor to readily 
determine the source of an interrupt and provides convenient 
control of the interrupts within the chip 

• Handshake control logic for input/output peripheral data 
transfer operations 

9 Data latching on peripheral input/output ports 

9 Two fully -programmable interval timers/counters 

9 Eight-bit Shift Register for serial interface 

9 Forty-pin plastic or ceramic DIP package. 


Ordering Information 


Order 

Package 


Temperature 

Number 

Type 

Frequency 

Range 

R6522P 

Plastic 

1 MHz 

0®C to + 70°C 

R6522AP 

Plastic 

2 MHz 

CTC to +7CTC 

R6522C 

Ceramic 

1 MHz 

0°C to +70°C 

R6522AC 

Ceramic 

2 MHz 

0°C to +70°C 

R6522PE 

Plastic 

1 MHz 

-40°C to +85°C 

R6522APE 

Plastic 

2 MHz 

4CTC to +85°C 

R6522CE 

Ceramic 

1 MHz 

-40°C to +85°C 

R6522ACE 

Ceramic 

2 MHz 

-40°C to +85°C 

RG522CMT 

Ceramic 

1 MHz 

-55°C to +125°C 



Basic R6522 Interface Diagram 
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PA3 

d 

5 

36 

ZD 
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PA4 

cz 

6 

35 

ZD 
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PAS 

cz 
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ZJ 
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d 

8 

33 

HD 
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PA7 
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11 
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13 

28 

ZD 
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ZD 

D6 
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15 

26 

ZD 

D7 

PB6 

cz 

16 

25 

ZD 

02 

PB7 

cz 

17 

24 

HD 

CS1 

CB 1 

cz 

18 

23 

13 

CS2 

CB2 

d 
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Pin Configuration 
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OPERATION SUMMARY 

Register Select Lifiti (RSO, RSI, RS2» RS3) 

The four Register select lines are normally connected to the processor address bus lines to allow the processor to select the internal R6522 
register which is to be accessed. The sixteen possible combinations access the registers as follows: 


RS3 

RS2 

RSI 

RSO 

Ragistar 

Remarks 

RS3 

RS2 

RSI 

RS© 

Ragistar 

Remarks 

L 

L 

L 

L 

ORB 


H 

L 

L 

L 

T2L-L 

Write Latch 

L 

L 

L 

H 

ORA 

Controls Handshake 





T2CL 

Read Counter 

L 

L 

H 

L 

DDRB 


H 

L 

L 

H 

T2C-H 

Triggers T2L-L/T2C L 
Transfer 

L 

L 

H 

H 

DDRA 


H 

L 

H 


SR 


L 

H 

L 

L 

TILL 

Write Latch 

H 

L 

H 

H 

ACR 






TIC L 

Read Counter 

H 

H 

L 

L 

RCR 


L 

H 

L 

H 

T1C-H 

Trigger T1L L/T1C L 
Transfer 

H 

H 

L 

H 

IFR 








H 

H 

H 

L 

IER 


L 

H 

H 

H 

L 

TILL 

T1L-H 


H 

H 

H 

H 

ORA 

Mo Effect on 

L 

H 

H 







Handshake 


Mote: L * 0.4V DC, H * 2.4V DC. 


Timer 2 Control 


R&3 

RS2 

RSI 

RSO 

R/W * L 

R/W-H 

H 

L 

L 

L 

Write T2L-L 

Read T2C-L 

Clear Interrupt flag 

H 

L 

L 

H 

Write T2C-H 

Transfer T2L-L to T2C-L 

Clear Interrupt flag 

Read T2C-H 


Writing the Timer t Ragistar 

The operat'ons which take place when writing to each of the four T1 addresses are as follows: 


RS3 

RS2 

RSI 

RSO 

Operation (R/W * L) 

L 

H 

L 

L 

Write into low order latch 

L 

H 

L 

H 

Write into high order latch 

Write into high order counter 

Transfer low order latch into low order counter 

Reset T1 interrupt flag 

L 

H 

H 

L 

Write low order latch 

X 

H 

H 

H 

Write high order latch 

Reset T1 interrupt flag 


Reading the Timer 1 Registers 

For reading the T imer 1 registers, the four addresses relate directly to the four registers as follows: 


RS3 

RS2 

RSI 

RSO 

Operation (R/W * H) 

L 

H 

L 

L 

Read T1 low order counter 

Reset T1 interrupt flag 

L 

H 

L 

H 

Read T1 high order counter 

L 

H 

H 

L 

Read T1 low order latch 

L 

H 

H 

H 

Read T1 high order latch 















TIMING CHARACTERISTICS 

R«ad Timing Characteristics (loading 130 pF and @n« TTL load) 


Parameter 


Delay time, address valid to clock positive transition 

Delay time, clock positive transition to data valid on bus 

Peripheral data setup time 

Data bus hold time 

Rise and fall time for clock input 








Enable pulse width 

T c 

Delay time, address valid to clock positive transition 

t acw 

Delay time, data valid to clock negative transition 

t dcw 

Delay time, read/write negative transition to clock positive 
transition 

T wcw 

Data bus hold time 

t hw 

Delay time. Enable negative transition to peripheral data valid 

T CPW 

Delay time, clock negative transition to peripheral data valid 

CMOS (VCC - 30%) 

t cmos 


PHASE TWO 
CLOCK 


ADDRESS 


READ/WRITE 


DATA BUS 


PERIPHERAL 

DATA 


Write Timing Characteristics 
















I/O Timing Characteristics 


CHnr8€f«rist>€ 

Symbol 

Min 

Typ 

Man 

Unit 

Rise and fail time for CA1 , CB1, CA2 and CB2 input signals 

t rf 

- 

- 

1.0 

ps 

Delay time, clock negative transition to CA2 negative 
transition (read handshake or pulse mode) 

T CA2 

- 

- 

1.0 

*IS 

Delay time, clock negative transition to CA2 positive 
transition (pulse mode) 

t rsi 


- 

1.0 

MS 

Delay time, CA1 active transition to CA2 positive transition 
(handshake mode) 

T RS2 

- 

- 

2.0 

MS 

Delay time, clock positive transition to CA2 or CB2 negative 
transition (write handshake) 

t whs 

- 

- 

1.0 

MS 

Delay time, peripheral data valid to CB2 negative transition 

t dc 

0 

- 

1.5 

US 

Delay time, clock positive transition to CA2 or CB2 positive 
transition (pulse mode! 

T RS3 

- 

- 

1.0 

MS 

Delay time, CB1 active transition to GA2 or CB2 positive 
transition (handshake mode) 

T RS4 

- 

- 

2.0 

MS 

Delay time, peripheral data valid to CA1 or CB1 active 
transition (input latching) 

t .l 

300 

- 

- 

ns 

Delay time CB1 negative transition to CB2 data valid 
(internal SR clock, shift out) 

t sri 

- 

- 

300 

ns 

Delay time, negative transition of CB1 input clock to CB2 data 
valid (external clock, shift out) 

T SR2 

- 

- 

300 

ns 

Delay time, CB2 data valid to positive transition of CB1 clock 
(shift m, internal or external clock) 

T SR3 

- 

- 

300 

ns 

Pulse Width — PBS Input Pulse 

T IPW 

2 

- 

- 

MS 

Pulse Width — CB 1 Input Clock 

T ICW 

2 

- 

- 

MS 

Pulse Spacing - PB6 Input Pulse 

'ips 

2 

~ 

- 

MS 

Pulse Spacing - CB1 Input Pulse 

'ics 

2 

- 


MS 


PB6 INPUT PULSE 
COUNTING MODE 




'|PVW“ 




»2.4V 
“0.4 V 



I/O Timing Characteristics 




Timer 1 Operating Modes 

Two bits are provided in the Auxiliary Control Register to allow selection of the T1 operating modes. These bits and the four possible modes 
are as follows: 


ACR7 

Output 

Enable 

ACR6 

“Free-Run" 

Enable 

Mode 

0 

0 

Generate a single time-out interrupt each time T1 is loaded 

0 

1 

Generate continuous interrupts 

1 

0 

Generate a single interrupt and an output pulse on PB7 for 
each T1 load operation 

1 

1 

i 

j 

Generate continuous interrupts and a square wave output 
on PB7 


FUNCTION CONTROL 

Control of the various functions and operating modes within the R6522 is accomplished primarily through two registers, the Peripheral Con- 
trol Register (PCR), and the Auxiliary Control Register (ACR). The PCR is used primarily to select the operating mode for the four peripheral 
control pins. The Auxiliary Control Register selects the operating mode for the Interval Timers (T1, T2), and the Serial Port {SR). 

Peripheral Control Register 

The Peripheral Control Register is organized as follows: 


Bit # 

7 

6 

5 

4 

3 

2 

1 

0 

Function 

CB2 Control 

CB1 

Control 

CA2 Control 

CA1 

Control 


Typical functions are shown below: 



PCR2 

PCR1 

Mode 

0 

0 

0 

Input mode — Set CA2 interrupt flag (IFRO) on a negative transition of the input signal. Clear 
IFRO on a read or write of the Peripheral A Output Register. 

0 

0 

1 

Independent interrupt input mode — Set IFRO on a negative transition of the CA2 input sig- 
nal. Reading or writing ORA does not clear the CA2 interrupt flag. 

0 

1 

0 

Input mode - Set CA2 interrupt flag on a positive transition of the CA2 input signal. Clear 

IFRO with a read or write of the Peripheral A Output Register. 

0 

1 

1 

Independent interrupt input mode — Set IFRO on a positive transition of the CA2 input sig- 
nal. Reading or writing ORA does not clear the CA2 interrupt flag. 

1 

0 

0 

Handshake output mode — Set CA2 output low on a read or write of the Peripheral A Output 
Register. Reset CA2 high with an active transition on CA1. 

1 

0 

1 

Pulse output mode — CA2 goes low for one cycle following a read or write of the Peripheral 

A Output Register. 

1 

1 

0 

Manual output mode - The CA2 output is held low in this mode. 

1 

1 

1 

Manual output mode — The CA2 output is held high in this mode. 




















Auxiliary Control Register 

Many of the functions in the Auxiliary Control Register have been discussed previously. However, a summary of this register is presented 
here as a convenient reference for the R6522 user. The Auxiliary Control Register is organized as follows: 

Bit 0 


Function 


1 

6 

5 

4 

3 

2 

1 

0 

T1 Control 

T2 

Control 

Shift Register Control 

PB 

Latch 

Enable 

PA 

Latch 

Enable 


Shift Register Control 

The Shift Register operating mode is selected as follows: 


ACR4 

ACR3 

ACR2 

Mode 

0 

0 

0 

Shift Register Disabled. 

0 

0 

1 

Shift in under control of Timer 2. 

0 

1 

0 

Shift in under control of system clock. 

0 

1 

t 

Shift in under control of external clock pulses. 

1 

0 

0 

Free-running output at rate determined by Timer 2. 

1 

0 

1 

Shift out under control of Timer 2. 


1 

0 

Shift out under control of the system clock. 

1 

1 

1 

Shift out under control of external clock pulses. 


T2 Control 

Timer 2 operates in two modes. If ACR5 * 0, T2 acts as an interval timer in the one-shot mode. If ACR5 * 1, Timer 2 acts to count a pre- 
determined number of pulses on pin PB6 



PART NUMBER 

R6545-1 



R6500 Microcomputer System 



| DATA SHEET 

CRT CONTROLLER (CRTC) 

FEATURES 



The R6545-1 CRT Controller (CRTC) is designed to interface 
an 8-bit microprocessor to CRT raster scan video displays, 
and adds an advanced CRT controller to the established and 
expanding line of R6500 products. 

The R6545-1 provides refresh memory addresses and char- 
acter generator row addresses which allow up to 16K char- 
acters with 32 scan lines per character to be addressed. A 
major advantage of the R6545-1 is that the refresh memory 
may be addressed in either straight binary or by row/column. 

Other functions in the R6545-1 include an internal cursor reg- 
ister which generates a cursor output when its contents are 
equal to the current refresh address. Programmable cursor 
start and end registers allow a cursor of up to the full char- 
acter scan in height to be placed on any scan lines of the 
character. Variable cursor display blink rates are provided. 
A light pen strobe input allows capture of the current refresh 
address in an internal light pen register. The refresh address 
lines are configured to provide direct dynamic memory refresh. 

All timing for the video refresh memory signals is derived 
from the character clock input. Shift register, latch, and mul- 
tiplex control signals (when needed) are provided by external 
high-speed timing. The mode control register allows non- 
interlaced video display modes at 50 or 60 Hz refresh rate. 
The internal status regi ster m ay be used to monitor the 
R6545-1 operation. The RES input allows the CRTC-gen- 
erated field rate to be dynamically-synchronized with line fre- 
quency jitter. 


ORDERING INFORMATION 

Part Package Temperature 

Number Type Frequency Range 

R6545-1P Plastic 1 MHz 0°C to +70°C 

R6545-1AP Plastic 2 MHz 0°C to +70°C 

R8545-1C Ceramic 1 MHz 0°C to +70°C 

R6545-1AC Ceramic 2 MHz 0°C to +70°C 


• Compatible with 8-bit microprocessors 

• Up to 2.5 MHz character dock operation 

• Refresh RAM may be configured in row/column or straight 
binary addressing 

• Alphanumeric and limited graphics capability 

• Up and down scrolling by page, line, or character 

• Programmable Vertical Sync Width 

• Fully programmable display (rows, columns, character 
matrix) 

• Non-interlaced scan 

• 50/60 Hz operation 

• Fully programmable cursor 

• Light pen register 

m Addresses refresh RAM to 16K characters 
9 No external DMA required 
% Internal status register 

• 40-Pin ceramic or plastic DIP 
9 Pin-compatible with MC6845 

• Single +5 ±5% Volt Power Supply 


vss 

LPEN 
C CO/M AO 
CC1/MA1 
CC2/MA2 
CC3/MA3 
CC4/MA4 
CCS/MA5 
CC6/MA6 
CC7/MA7 
CR0/MA8 
CR1/MA9 
CR2/MA10 
CR3/MA1 1 
CR4/MA12 
CR5/MA13 
DISPLAY ENABLE 
CURSOR 
VCC 



R6545-1 Pin Configuration 


VSYNG 

HSYNC 

RAO 

RA1 

RA2 

RA3 

RA4 

DO 

D1 

D2 

D3 

D4 

DS 

D6 

D7 
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INTERFACE SIGNAL DESCRIPTION 
CPU INTERFACE 
02 (Phase 2 Clock) 

The input clock is the system Phase 2 (02) clock and is used 
to trigger all data transfers between the system processor (CPU) 
and the R6545-1. Since there is no maximum limit to the allow- 
able 02 clock time, it is not necessary for it to be a continuous 
dock. This capability permits the R6545-1 to be easily interfaced 
to non-6500 compatible microprocessors. 

R/W (Read/Write) 

The R/W input signal generated by the processor is use^ to 
control the direction of data transfers. A high on the R/W pin 
allows the processor to read the data supplied by the R6545-1 , 
a low on the R/W pin allows data on data lines D0-D7 to be 
written into the R6545-1. 

5§' (Chip Select) 

The Chip Select input is normally connected to the processor 
address bus either directly or through a decoder. The R6545-1 
is selected when C§ is low. 

RS (Register Select) 

The Register Select input is used to access internal registers. 
A low on this pin permits writes (R/W = low) into the Address 
Register and reads (R/W = high) from the Status Register. The 
contents of the Address Register is the identity of the register 
accessed when RS is high. 

D0-D7 (Data Bus) 

D0-D7 are the eight data lines used to transfer data between 
the processor and the R6545-1. These lines are bidirectional 
and are normally high-impedance except during read cycles 
when the chip is selected (55 = low). 

VIDEO INTERFACE 
HSYNC (Horizontal Sync) 

The HSYNC signal is an active-high output used to determine 
the horizontal position of displayed text. It may drive a CRT 
monitor directly or may be used for composite video generation. 
HSYNC time position and width are fully programmable. 

VSYNC (Vertical Sync) 

The VSYNC signal is an active high output used to determine 
the vertical position of displayed text. Like HSYNC, VSYNC may 
b© used to drive a CRT monitor or composite video generation 
circuits. VSYNC time position and width are both programmable. 

DISPLAY ENABLE (Display Enable) 

The DISPLAY ENABLE signal is an active-high output used to 
indicate when the R 6545-1 is generating active display infor- 
mation. The number of horizontal display characters per row 
and the number of vertical display rows are both fully program- 
mable and together are used to generate the DISPLAY ENABLE 
signal. DISPLAY ENABLE can be delayed one character time 
by setting bit 4 of R8 equal to 1 . 


CURSOR (Cursor Coincidence) 

The CURSOR signal is an active-high output used to indicate 
when the scan coincides with the programmed cursor position. 
The cursor position may be programmed to be any character 
in the address field. Furthermore, within the character, the cur- 
sor may be programmed to be any block of scan lines, since 
the start scan line and the end scan line are both programmable. 
The cursor position may be delayed by one character time by 
setting Bit 5 of R8 to A “1”. 

LPEN (Light Pen Strobe) 

The LPEN signal is an edge-sensitive input used to load the 
internal Light Pen Register with the contents of the Refresh 
Scan Counter at the time the active edge occurs. The active 
edge of LPEN is the low-to-high transition. 

GGLK (Clock) 

The CCLK signal is the character timing clock input and is used 
as the time base for all internal count/control functions. 

RES 

The RES signal is an active-low input used to initialize all in- 
ternal scan counter circuits. When RES is low, all internal 
counters are stopped and cleared, all scan and video outputs 
are low, and control registers ar© unaffected. RES must stay 
low for at, least one CCLK period. All scan timing is initiated 
when RES goes high. In this way, RES can be used to syn- 
chronize display frame timing with line frequency. RES may also 
b© used to synchronize multiple CRTC’s In horizontal and/or 
vertical split screen operation. 

REFRESH RAM AND CHARACTER ROM INTERFACE 

MA0-MA13 (Refresh RAM Address Lines) 

These 14 signals are active-high outputs used to address the 
Refresh RAM for character storage and display operations. The 
starting scan address is fully programmable and the ending 
scan address is determined by the total number of characters 
displayed, which is also programmable, in terms of characters/ 
line and lines/frame. 

There ar® two selectable address modes for MA0-MA13: 

In the straight binary mode (R8, Mode Control, bit 2 = “0”), 
characters are stored in successive memory locations. Thus, 
the software must b© designed such that row and column char- 
acter coordinates ar© translated into sequentially-numbered ad- 
dresses. In the row/column mode (R8, Mode Control, bit 2 = 
“1 ”), MA0-MA7 become column addresses CC0-CC7 and MAS- 
MAI 3 become row addresses CR0-CR5. In this case, the soft- 
ware can manipulate characters in terms of row and column lo- 
cations, but additional address compression circuits are needed 
to convert the CC0-CC7 and CR0-CR5 addresses into a mem- 
ory-efficient binary address scheme. 

RA0-RA4 (Raster Address Lines) 

These 5 signals are active-high outputs used to select each ras- 
ter scan within an individual character row. The number of raster 
scan lines is programmable and determines the character height, 
including spaces between character rows. 



INTERNAL REGISTER ORGANIZATION 
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Tabl© 1. Overall Register Structure and Addressing 



VIDEO l/F 

HSYNC 

VSYNC 

DISPLAY ENABLE 
< CURSOR 
LPEN 
COLIC 
RES 


REFRESH RAM AND CHARACTER ROM 
R 6545-1 Interface Diagram 


INTERNAL REGISTER DESCRIPTION 

ADDRESS REGISTER 

This 5-bit write-only register is used as a “pointer” to direct 
CRTC/CPU data transfers within the CRTC. Its contents is the 
number of the desired register (0-1 7). WhenCS and RS are low, 
then this register may be loaded; when CS is low and RS is 
high, then the register selected is the one whose identity is 
stored in this address register. 


STATUS REGISTER (SR) 

This 8-bit register contains the status of the CRTC. Only two 
bits are assigned, as follows: 



NOTE: 


The Status Register takes the State, 


3HHEEEEI 


immediately after power (V^) turn-on. 


















































RO— HORIZONTAL TOTAL CHARACTERS 

This 8-bit write-only register contains the total of displayed and 
non-displayed characters, minus one, per horizontal line. The 
fFgqu8ncy-of44SyNG-is-thus determined-by this register. 


R7 — VERTICAL SYNC POSITION 

This 7-bit write-only register is used to select the character row 
time at which the vertical SYNC pulse is desired to occur and, 
thus, is used to position the displayed text in the vertical direction. 


R1— HORIZONTAL DISPLAYED CHARACTERS 

This 8-bit write-only register contains the number of displayed 
characters per horizontal line. 


R«— MODE CONTROL (MC) 

This 8-bit write-only register selects the operating modes of the 
R8545-1 , as follows: 


R2— HORIZONTAL SYNC POSITION 

This 8-bit write-only register contains the position of the hori- 
zontal SYNC on the horizontal line, in terms of the character 
location number on the line. The position of the HSYNC deter- 
mines the left to right location of the displayed text on the video 
screen. In this way, the side margins are adjusted. 

R3— HORIZONTAL AND VERTICAL SYNC WIDTHS 

This 8-bit write-only register contains the widths of both HSYNC 
and VSYNC, as follows: 



Th« width of th» vertical sync 
puls® (VSYNC) in the number of 
scan lines. When bits 4-7 are 
ell “0", VSYNC will be 16 scan 
lines wide. 


MC7 

ftfCS 

MCS 

MC4 

MC3 

MC2 

MCI 

mx) 


- 

OIK 

DES 

0 

RAO 

- 

0 


TL 


Must Program to "0" 
Not Used 


- Refresh RAM Addressing Mode (RAO) 

0 « for straight binary 

1 ■ for Row/Column 

- Mast Program to "0" 


- Display Enable Skew (DESI 

0 » for no daisy. 

1 a to dsriey Display irntde wn 


- Cursor Skew ICSKI 

0 * for no delay. 

1 “ to delay Cursor s 


i e barest lima. 


Ri— ROW SCAN LINES 

This 5-bit write-only register contains the number of scan lines, 
minus one, per character row, including spacing. 


Control of these parameters allows the RS545-1 to be interfaced 
to a variety of CRT monitors, since the HSYNC and VSYNC 
timing signals may be accommodated without the use of exter- 
nal one shot timing. 


RIO— CURSOR START LINE 
R11— CURSOR END LINE 

These 5-bit write-only registers select the starting and ending 
scan lines for the cursor. In addition, bits 5 and 6 of RIO are 
used to select the cursor blink mode, as follows: 


R4— VERTICAL TOTAL ROWS 

The Vertical Total Register is a 7-bit register containing th© total 
number of character rows in a frame, minus one. This register, 
along with R5, determines the overall frame rate, which should 
be close to the line frequency to ensure flicker-free appearance. 
If the frame time is ad juste d to be longer than the period of the 
line frequency, then RES may be used to provide absolute 
synchronism. 

R5~ VERTICAL TOTAL LINE ADJUST 

The Vertical Total Line Adjust Register (R5) is a 5-bit write-only 
register containing the number of additional scan lines needed 
to complete an entire frame scan and is intended as a fine ad- 
justment for the video frame time. 

R6 — VERTICAL DISPLAYED ROWS 

This 7-bit write-only register contains the number of displayed 
character rows in each frame. 


Bit Bit 

0 5 Cursor Blink Motto 


0 

0 

1 

1 


0 Display Cursor Continuously 

1 Blank Cursor Continuously 

0 Blink Cursor at 1/16 Field Rate 

1 Blink Cursor at 1/32 Field Rate 


R12 — DISPLAY START ADDRESS HIGH 
R13 — DISPLAY START ADDRESS LOW 

These registers form a 14-bit register whose contents is the 
memory address of the first character of the displayed scan (the 
character on the top left of the video display, as in Figure 1). 
Subsequent memory addresses are generated by the R6545-1 
as a result of CCLK input pulses. Scrolling of the display is ac- 
complished by changing R12 and R13 to the memory address 
associated with the first character of the desired line of text to 
be displayed first. Entire pages of text may be scrolled or 
changed as well via R12 and R13. 


NUMBER OF 
VERTICAL 
TOTAL 4 
ROWS 
(R4) 




NUMBER OF HORIZONTAL TOTAL CHARACTERS «R@) 

f ' ’ 

NUMBER OF HORIZONTAL DISPLAYED CHARACTERS (R1) 

/- — ^ 

DISPLAY START ADDRESS HIGH (R12)« 

"'DISPLAY START ADDRESS LOW (R13)* 


NUMBER OF 
VERTICAL 
DISPLAY ^ 
ROWS 
(R6) 



VERTICAL 
TOTAL | 
ADJUST (R5) 1 


\CURSOR POSITION ADDRESS HIGH (R14) 
CURSOR POSITION ADDRESS LOW (RIB) 


DISPLAY PERIOD 


VERTICAL RETRACE PERIOD 
(NON-DISPLAY) 


HORIZONTAL 

RETRACE 

PERIOD 

(NON -DISPLAY) 


NUMBER OP 
SCAN LINES (RS) 


* CURSOR START LINK (Rtf) 

* CURSOR END LINE (R11) 


Figure 1. Video Display Format 


R14— CURSOR POSITION HIGH 
R1S— CURSOR POSITION LOW 

These registers form a 14-bit register whose contents is the 
memory address of the current cursor position. When the video 
display scan counter (MA lines) matches the contents of this 
register, and when the scan line counter (RA lines) falls within 
the bounds set by RIO and R1 1 , then the CURSOR output be- 
comes active. Bit 5 of the Mode Control Register (R8) may be 
used to delay the CURSOR output by a full CCLK time to ac- 
commodate slow access memories. 

R1§— LIGHT PEN HIGH 
R17— LIGHT PEN LOW 

These registers form a 1 4-bit register whose contents is the light 
pen strobe position, in terms of the video display address at 
which the strobe occurred. When the LPEN input changes from 
low to high, then, on the next negative-going edge of CCLK, the 
contents of the internal scan counter is stored in registers R16 
and R17. 

REGISTER FORMATS 

Register pairs R12/R13, R14/R15, and R16/R17 are formatted 
in one of two ways: 

(1) Straight binary, if register R8, bit 2 = “0”. 

(2) Row/Column, if register R8, bit 2 = "I”. In this case the 
low byte is the Character Column and the high byte is the 
Character Row. 


DESCRIPTION OF OPERATION 

VIDEO DISPLAY 

Figure 1 indicates the relationship of the various program reg- 
isters in the R6545-1 and the resultant video display. 

Non-displayed areas of the Video Display are used for horizon- 
tal and vertical retrace functions of the CRT monitor. The hori- 
zontal and vertical sync signals, HSYNC and VSYNC, are pro- 
grammed to occur during these intervals and are used to trigger 
the retrace in the CRT monitor. The pulse widths are con- 
strained by the monitor requirements. The time position of the 
pulses may be adjusted to vary the display margins (left, right, 
top, and bottom). 

REFRESH RAM ADDRESSING 


Shared Memory Mode (RS, bit 3 = “0”) 

In this mode, the Refresh RAM address lines (MA0-MA13) di- 
rectly reflect the contents of the internal refresh scan character 
counter. Multiplex control, to permit addressing and selection of 
the RAM by both the CPU and the CRTC, must be provided 
external to the CRTC. In the Row/Column address mode, lines 
MA0-MA7 become character column addresses (CC0-CC7) and 
MA8-MA13 become character row addresses (CR0-CR5). 



ADDRESSING MODES 
Row/Column 

In this mode, the CRTC address lines (MA0-MA13) are gener- 
ated as 8 column (MA0-MA7) and 6 row (MA8-MA13) ad- 
dresses. Extra hardware is needed to compress this addressing 
into a straight binary sequence in order to conserve memory in 
the refresh RAM. 

Binary 

in this mode, the CRTC address lines are straight binary and 
no compression circuits are needed. However, software com- 
plexity is increased since the CRT characters cannot be stored 
in terms of their row and column locations, but must be 
sequential. 

USE OF DYNAMIC RAM FOR REFRESH MEMORY 

The R654&1 permits the use of dynamic RAMS as storage de- 
vices for the Refresh RAM by continuing to increment memory 
addresses in the non-display intervals of the scan. This is a vi- 
able technique, since the Display Enable signal controls the 
actual video display blanking. Figure 2 illustrates Refresh RAM 
addressing tor the case of binary addressing for 80 columns and 
24 rows with 10 non-dispiayed columns and 10 non-displayed 
rows. 
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Figure 2. Memory Addressing Example (SO x 24) 


ids 5 and 8 in the Cursor Start Lin# High Register (RIO) control 
the cursor display and bunk rate as follows; 


Bite 

Bite 

Cursor OpMf$f%§ Mod* 

0 

0 

Display Cursor Continuously 

0 

i 

Blank Cursor Continuously 

1 

0 

Blink Cursor at 1/1® Fetid Rata 

1 

i 

Blink Cursor at 1/32 Fetid Rati 


The cursor of up to 32 characters in height can be displayed on 
and between the scan lines as loaded into the Cursor Start Line 
(RIO) and Cursor End Line (Rtt) Registers. 

The cursor is positioned on the screen by loading the Cursor 
Position Address High (R14) and Cursor Position Address Low 
(R15) registers with the desired refresh RAM address. The cur- 
sor can be positioned in any of the 16K character positions. 
Hardware paging and data scrolling is thus allowed without tea 
of cursor position. Figure 3 is an example of the display cursor 
scan line. 
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Figure 3. Cursor Display Scan Lin® Control Examples 


CURSOR OPERATION 

A one character wide cursor can be controlled by storing values 
into the Cursor Start Line (R10) and Cursor End Line (R1 1 ) reg- 
isters and into the Cursor Position Address High (R14) and Cur- 
sor Position Low (R16) registers. 



MPU READ TIMING CHARACTERISTICS 


(Vqc ” 5.0V ±5%, = 0 to 70°C, unless otherwise noted) 


Characteristic 

Symbol 

1 

2 MHz 

Unit 


Max 

Min 

Max 

Cycle Time 

t cyc 

m 

- 

0.5 

- 

*4$ 

02 Pulse Width 

T c 


- 

200 

- 

ns 

Address Set-Up Time 

t acr 

180 

- 

90 

- 

ns 

Address Hold Time 

t car 

0 

- 

0 

- 

ns 

RAJV Set-Up Time 

t wcr 

1 

- 

90 

- 

ns 

Read Access Time 

t cdr 

wk/eSM 

340 

- 

150 

ns 

Read Hold Time 

t hr 

SHE 1 'B 

- 

10 

- 

ns 

Data Bus Active Time 


V ;■ * % 





(Invalid Data) 

t cda 

1 

— 

40 

- 

ns 


(t r and tf = 10 to 30 ns) 


READ CYCLE 















MEMORY AND VIDEO INTERFACE CHARACTERISTICS 


(V-„ - 5.0V ±5%, T a - 0 to 70°C, unless otherwise nottd) 
CC A 


Characteristics 

Symbol 

f MHs 

2 MHs 

Units 

Min 

Max 

Min 

Max 

Char. Clock Cycle Time 

t ccy 

0.4 

40 

0.4 

40 

ps 

Char. Clock Pulse Width 

t cch 

200 

- 

200 

- 

ns 

MA0-MA13 Propagation Delay 

t mad 

- 

300 

- 

300 

ns 

RA0-RA4 Propagation Delay 

t rad 

- 

300 

- 

300 

ns 

DISPLAY ENABLE Prop. Delay 

t dtd 

- 

450 

- 

450 

ns 

HYSNC Propagation Delay 

t hsd 

■- 

450 

- 

450 

ns 

VSYNC Propagation 

t vsd 

- 

450 

- 

450 

ns 

Cursor Propagation Delay 

t cdd 

- 

450 

- 

450 

ns 

LPEN Strobe Width 

t lph 

150 

- 

150 

- 

ns 

LPEN to CCLK Delay 

t lpi 

20 

- 

20 

- 

ns 

CCLK to LPEN Delay 

T LP2 

0 

- 

0 

- 

ns 


l r , tf • 20 n* (max) 


SYSTEM TIMING DEFINITIONS 



SIGNAL 

SIGNAL 
SYMBOL (X) 

MA0-MA13 

T MAD 

RA0-RA4 

t rad 

DISPLAY ENABLE 

t dtd 

HSYNC 

t hsd 

VSYNC 

t vsd 

CURSOR 

t cdd 


LIGHT PEN STROBE TIMING DEFINITIONS 



"7 V 

MA0-MA13 n I n+ V I n+2 


NOTE: 

SLASH AREA DEFINES THE "WINDOW" IN WHICH AN 
LPEN POSITIVE EDGE WILL CAUSE ADDRESS N+2 TO 
LOAD INTO LIGHT PEN REGISTER. TRANSITIONS ON 
EITHER SIDE OF THIS "WINDOW" WILL RESULT IN 
UNPREDICTABLE VALUES BEING LOADED INTO THE 
LIGHT PEN REGISTER. 


( 


( 


( 







All inputs contain protection circuitry to prevent damage due to high static discharges. Care should be taken to prevent unnecessary applica- 


tion of voltages in excess of the allowable limits. 


Electrical Characteristics 


(V Cc = 5.0V ±5%, T a = 0-7 0°C, unless otherwise noted) 


Characteristic 




Min 

Max 

Unit\ 

Input High Voltage 

V ,H 

2.0 

v cc 

Vdc 

Input Low Voltage 

V .L 

0.3 

0.8 

Vdc 

Input Leakage (02, R/W, EF5, C5, RS, LPEN, CCLK) 

'in 

- 

2.5 

^Adc 

Three-State Input Leakage (D0-D7) 





(V |N = 0.4 to 2.4V) 

'tsi 

- 

10.0 

MAdc 

Output High Voltage 





'load' 205 MAdc (D0D7) 

X 

O 

> 

2.4 

- 

Vdc 

'LOAD = MAdc (all others) 

Output Low Voltage 





'load' 16 mAdc 

V OL 

- 

0.4 

Vdc 

Power Dissipation 

P D 

- 

1000 

mW 

Input Capacitance 





02, R/W, RES, CS, RS, LPEN, CCLK 

C IN 

- 

10.0 

PF 

D0-D7 


- 

12.5 

PF 

Output Capacitance 

C OUT 

- 

10.0 

pF 


TEST LOAD 



R*11Kn FOR D0-D7 
«24Kf2 FOR ALL OTHER OUTPUTS 
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STANDARD MICROSYSTEMS 
CORPORATOR 


35 Marcus Blvd , Hauppauge, N Y. 11787 
(516)273-3100 TWX- 510-227-8898 


We keep ahead of our competition so you can keep ahead of yours. 


CRT Video Timer and 

VTAC® 


CRT 5027 
CRT 5037 
CRT 5057* 

/XPC FAMILY 

Controller 


FEATURES 

□ Fully Programmable Display Format 

Characters per data row (1-200) 

Data rows per frame (1-64) 

Raster scans per data row (1-16) 

□ Programmable Monitor Sync Format 

Raster Scans/Frame (256-1023) 

“Front Porch” 

Sync Width 
“BackPorch” 

Interlace/ Non-Interlace 
Vertical Blanking 

□ Lock Line Input (CRT 5057) 

□ Direct Outputs to CRT Monitor 

Horizontal Sync 
Vertical Sync 

Composite Sync (CRT 5027, CRT 5037) 

Blanking 

Cursor coincidence 

□ Programmed via: 

Processor data bus 
External PROM 
Mask Option ROM 

□ Standard or Non-Standard CRT Monitor Compatible 

□ Refresh Rate: 60Hz, 50Hz,... 

□ Scrolling 

Single Line 
Multi-Line 

□ Cursor Position Registers 

□ Character Format: 5x7, 7x9, . . . 

□ Programmable Vertical Data Positioning 

□ Balanced Beam Current Interlace (CRT 5037) 

□ Graphics Compatible 


PIN CONFIGURATION 







A2 C 

1 

40 

3 A1 

A3 C 

2 

39 

3 A0 

CS C 

3 

38 

3 H0 

R3 C 

4 

37 

3 HI 

R2 C 

5 

36 

3 H2 

GND C 

6 

35 

3 H3 

R1 C 

7 

34 

3 H4 

R0 C 

8 

33 

] H5 

DS C 

9 


32 

3 H6 

LLI/CSYN C 

10 


31 

3 H7/DR5 

VSYN C 

11 


30 

3 DR4 

DCC [ 


29 

3 DR3 

Vdd C 

13 

28 

3 DR2 

Vcc [ 

14 

27 

3 DR1 

HSYN C 

15 

26 

3 DR0 

CRV C 

16 

25 

3 DB0 

BL C 

17 

24 

3 DB1 

DB7 C 

18 

23 

3 DB2 

DB6 C 

19 

22 

3 DB3 

DB5 C 

20 

21 

3 DB4 


PACKAGE: 40-Pin D.I.P. 


□ Split-Screen Applications 

Horizontal 

Vertical 

□ Interlace or Non-Interlace operation 

□ TTL Compatibility 

□ BUS Oriented 

□ High Speed Operation 

□ COPLAMOS® N-Channel Silicon 
Gate Technology 

□ Compatible with CRT 8002 VDAC™ 

□ Compatible with CRT 7004 


GENERAL DESCRIPTION 

The CRT Video Timer and Controller Chip (VTAC)® is a user programmable 40-pin COPL AMOS® n channel MOS/LSI 
device containing the logic functions required to generate all the timing signals for the presentation and formatting of 
interlaced and non-interlaced video data on a standard or non-standard CRT monitor. 

With the exception of the dot counter, which may be clocked at a video frequency above 25 MHz and therefore not 
recommended for MOS implementation, all frame formatting, such as horizontal, vertical, and composite sync, characters 
per data row, data rows per frame, and raster scans per data rowand perframearetotallyuserprogrammable.Thedata row 
counter has been designed to facilitate scrolling. 

Programming is effected by loading seven 8 bit control registersdirectlyoffan8bitbidirectiona!databus. Fourregister 
address lines and a chip select line provide complete microprocessor compatibility for program controlled set up. The device 
can be “self loaded” via an external PROM tied on thedata bus as described in theOPERATION section. Formatting can also 
be programmed by a single mask option. 

In addition to the seven control registers two additional registers are provided to store the cursor character and data 
row addresses for generation of the cursor video signal. The contents of these two registers can also be read out onto the 
bus for update by the program. 

Three versions of the VTAC® are available. The CRT 5027 provides non-interlaced operation with an even or odd 
number of scan lines per data row, or interlaced operation with an even number of scan lines per data row. The CRT 5037 
may be programmed for an odd or even number of scan lines per data row in both interlaced and non-interlaced modes. 
Programming the CRT 5037 for an odd number of scan lines per data row eliminates character distortion caused by the 
uneven beam current normally associated with odd field/even field interlacing of alphanumeric displays. 

The CRT 5057 provides the ability to lock a CRT’s vertical refresh rate, as controlled by the VTAC’s® vertical sync 
pulse, to the 50 Hz or 60 Hz line frequency thereby eliminating the so called "swim” phenomenon. This is particularly 
well suited for European system requirements. The line frequency waveform, processed to conform to the VTAC’s® 
specified logic levels, is applied to the line lock input. The VTAC® will inhibit generation of vertical sync until a zero to 
one transition on this input is detected. The vertical sync pulse is then initiated within one scan line after this transition 
rises above the logic threshold of the VTAC.® 

To provide tne pin required for the line lock input, the composite sync output is not provided in the CRT 5057. 
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SECTION IV 




Description of Pin Functions 

Input/ 


Pin No. 

Symbol 

Name 

Output 

Function 

25-18 

DB0-7 

Data Bus 

I/O 

Data bus. Input bus for control words from microprocessor or 

PROM. Bidirectional bus for cursor address. 

3 

CS 

Chip Select 

1 

Signals chip that it is being addressed 

39,40,1,2 

A0-3 

Register 

Address 

1 

Register address bits for selecting one of seven control 
registers or either of the cursor address registers 

9 

DS 

Data Strobe 

1 

Strobes DB0-7 into the appropriate register or outputs the 
cursor character address or cursor line address onto the data bus 

12 

DCC 

DOT Counter 

Carry 

1 

Carry from off chip dot counter establishing basic character 
clock rate. Character clock. 

38-32 

H0-6 

Character 

Counter Outputs 

0 

Character counter outputs. 

7,5,4 

R1-3 

Scan Counter 

Outputs 

0 

Three most significant bits of the Scan Counter; row select 
inputs to character generator. 

31 

H7/DR5 

H7/DR5 

' 0 

Pin definition is user programmable. Output is MSB of 

Character Counter if horizontal line count (REG.0) is ^128; 
otherwise output is MSB of Data Row Counter. 

8 

R0 

Scan Counter LSB 

0 

Least significant bit of the scan counter. In the inter- 
laced mode with an even number of scans per data row, 

R0 will toggle at the field rate; for an odd number of 
scans per data row in the interlaced mode, R0 will toggle 
at the data row rate. 

26-30 

DR0-4 

Data Row 

Counter Outputs 

0 

Data Row counter outputs. 

17 

BL 

Blank 

0 

Defines non active portion of horizontal and vertical scans. 

15 

HSYN 

Horizontal Sync 

0 

Initiates horizontal retrace. 

11 

VSYN 

Vertical Sync 

0 

Initiates vertical retrace. 

10 

CSYN/ 

LLI 

Composite Sync Output/ O/l 
Line Lock Input 

Composite sync is provided on the CRT 5027 and CRT 5037. 

This output is active in non-interlaced mode only. Provides a true 
RS-1 70 composite sync wave form. For the CRT 5057, this pin is 
the Line Lock Input. The line frequency waveform, processed to 
conform to the VTAC’s® specified logic levels, is applied to this pin. 

16 

CRV 

Cursor Video 

0 

Defines cursor location in data field. 

14 

Vcc 

Power Supply 

PS 

+ 5 volt Power Supply 

13 

Vdd 

Power Supply 

PS 

+ 12 volt Power Supply 



BLOCK DIAGRAM! 







Operation 

The design philosophy employed was to allow the device to interface effectively with either a microprocessor based or 

hardwire logic system. The device is programmed by the user in one of two ways; via the processor data bus as part of the 
system initialization routine, or during power up via a PROM tied on the data bus and addressed directly by the Row Select 
outputs of the chip. (See figure 4). Seven 8 bit words are required to fully program the chip. Bit assignments for these words 
are shown in Table 1 . The information contained in these seven words consists of the following: 

Horizontal Formatting: 


Characters/Data Row 

A 3 bit code providing 8 mask programmable character lengths from 20 to 132. 

The standard device will be masked for the following character lengths- 20 32 


40,64,72, 80, 96, and 132. 

Horizontal Sync Delay 

3 bits assigned providing up to 8 character times for generation of 'front porch”. 

Horizontal Sync Width 

4 bits assigned providing up to 15 character times for generation of horizontal 
sync width. 

Horizontal Line Count 

8 bits assigned providing up to 256 character times for total horizontal formatting. 

Skew Bits 

A 2 bit code providing from a 0 to 2 character skew (delay) between the 
horizontal address counter and the blank and sync (horizontal, vertical, composite) 
signals to allow for retiming of video data prior to generation of composite video 
signal. The Cursor Video signal is also skewed as a function of this code. 

Vertical Formatting: 


Interlaced/Non-interlaced 

This bit provides for data presentation with odd/even field formatting for inter- 
laced systems. It modifies the vertical timing counters as described below. 


A logic 1 establishes the interlace mode. 

Scans/Frame 

8 bits assigned, defined according to the following equations. Let X = value of 8 
assigned bits. 


1) in interlaced mode— scans/frame = 2X + 513. Therefore for 525 scans, 


program X = 6 (000001 10). Vertical sync will occur precisely every 262.5 scans, 
thereby producing two interlaced fields. 


Range = 513 to 1023 scans/frame, odd counts only. 

2) in non-interlaced mode — scans/frame = 2X + 256. Therefore for 262 scans, 
program X = 3 (0000001 1 ). 

Range = 256 to 766 scans/frame, even counts only. 

In either mode, vertical sync width is fixed at three horizontal scans ( = 3H). 

Vertical Data Start 

8 bits defining the number of raster scans from the leading edge of vertical 
sync until the start of display data. At this raster scan the data row counter is 
set to the data row address at the top of the page. 

Data Rows/Frame 

6 bits assigned providing up to 64 data rows per frame. 

Last Data Row 

6 bits to allow up or down scrolling via a preload defining the count of the last 
displayed data row. 

Scans/Data Row 

4 bits assigned providing up to 1 6 scan lines per data row. 



Additional Features 


Device Initialization: 

Under microprocessor control — The device can be reset under system or program control by presenting a 1010 address 
on A3-0. The device will remain reset at the top of the even field page until a start command is executed by presenting a 1 1 1 0 
address on A3-0. 

Via “Self Loading” — In a non-processor environment, the self loading sequence is effected by presenting and holding the 
1111 address on A3-0, and is initiated by the receipt of the strobe pulse (DS). The 1111 address should be maintained long 
enough to insure that all seven registers have been loaded (in most applications under one millisecond). The timing 
sequence will begin one line scan after the 1 1 1 1 address is removed. In processor based systems, self loading is initiated by 
presenting the 01 1 1 address to the device. Self loading is terminated by presenting the start command to the device which 
also initiates the timing chain. 

Scrolling — In addition to the Register 6 storage of the last displayed data row a “scroll” command (address 1011) 
presented to the device will increment the first displayed data row count to facilitate up scrolling in certain applications. 


123 





Horizontal Line Count: 
Characters/Data Row: 


Control Registers Programming Chart 

Total Characters/ Line = N + 1 , N * 0 to 255 (DBO = LSB) 
DB2 DB1 DBO 

0 d 0 = 20 Active Characters/ Data Row 

0 0 1 = 32 


Horizontal Sync Delay: 
Horizontal Sync Width: 

Skew Bits 


= N, from 1 to 7 character times (DBO = LSB) (N = 0 Disallowed) 
= N, from 1 to 15 character times (DB3 = LSB) (N = 0 Disallowed) 
Sync/Blank Delay Cursor Delay 


DB7 DBS 


(Character Times) 


Scans/Frame 


Vertical Data Start: 

Data Rows/Frame: 
Last Data Row: 

Mode: 

Scans/Data Row: 


8 bits assigned, defined according to the following equations: 

Let X = value of 8 assigned bits. (DBO - LSB) 

1) in interlaced mode scans/frame = 2X -f 513. Therefore for 525 scans, 

program X = 6 (000001 1 0). Vertical sync will occur precisely every 262.5 
scans, thereby producing two interlaced fields. 

Range = 513 to 1023 scans/frame, odd counts only. 

2) in non-interlaced mode— scans/frame = 2X + 256. Therefore for 262 
scans, program X = 3 (0000001 1 ). 

Range = 256 to 766 scans/frame, even counts only. 

In either mode, vertical sync width is fixed at three horizontal scans ( = 3H). 
N = number of raster lines delay after leading edge of vertical sync of 
vertical start position. (DBO = LSB) 

Number of data rows = N + 1 , N = 0 to 63 (DBO = LSB) 

N = Address of last dsplayed data row, N = 0 to 63, ie; for 24 data rows, 
program N = 23. (DBO ® LSB) 

Register, 1 , DB7 = 1 establishes Interlace. 

Interlace Mode 

CRT 5027: Scans per Data Row = N + 1 where N = programmed number of 
data rows. N = 0 to 1 5. Scans per data row must be even counts only. 

CRT 5037, CRT 5057: Scans per data Row = N + 2. N = 0 to 14, odd or even 
counts. 

Non-Interlace Mode 

CRT 5027, CRT 5037, CRT 5057: Scans per Data Row = N + 1, odd or 
even count. N = 0 to 15. 


Ag A< A/ A) CS 05 


SMC 

CRT 5027, CRT 5037 
or CRT 5057 
VTAC® 


32 k 8 PROM ha. 
HARRIS HM-7602 
OR EQUIVALENT HA; 


SLOAO 9— 

(from system ) 


Figure 4. 

SELF LOADING SCHEME 
FOR VTAC® SET-UP 


ROW SELECTS 
TO CHARACTER GENERATOR 


2 ‘ 




Register Selects/Command Codes 


A3 A2 A1 Aflf 

0 0 0 0 
0 0 0 1 
0 0 10 
0 0 11 
0 10 0 
0 10 1 
0 110 
0 111 


10 0 0 
10 0 1 
10 10 


10 11 


Select/Command 

Load Control Register 0 
Load Control Register 1 
Load Control Register 2 
Load Control Register 3 
Load Control Register 4 
Load Control Register 5 
Load Control Register 6 
Processor Initiated Self Load 


Read Cursor Line Address 
Read Cursor Character Address 
Reset 


Up Scroll 


Description 


See Table 1 


Command from processor instructing 
VTAC R to enter Self Load Mode (via ex- 
ternal PROM) 


Resets timing chain to top left of page. Reset 
is latched on chip by CT5 and counters are 
held until released by start command. 
Increments address of first displayed data 
row on page, ie; prior to receipt of scroll 
command— top line = 0, bottom line = 23. 
After receipt of Scroll Command — top line = 
1, bottom line = 0. 


110 0 
110 1 
1110 


1111 


Load Cursor Character Address* 
Load Cursor Line Address* 

Start Timing Chain 


Non-Processor Self Load 


Receipt of this command after a Reset or 
Processor Self Load command will release 
the timing chain approximately one scan line 
later. In applications requiring synchronous 
operation of more than one CRT 5027 the 
dot counter carry should be held low during 
the DS for this command. 

Device will begin self load via PROM 
when DS goes low. The 1111 command 
should be maintained on A3-0 long 
enough to guarantee self load. (Scan 
counter should cycle through at least 
once). Self load is automatically termi- 
nated and timing chain initiated when the 
all ‘Ts”_condition is removed, indepen- 
dent of DS. For synchronous operation 
of more than one VTAC^, the Dot Counter 
Carry should be held low when the com- 
mand is removed. 


‘ NOTE: During Self-Load, the Cursor Character Address Register (REG 7) and the Cursor Row Address 

Register (REG 8) are enabled during states 0111 and 1000 of the R3-R0 Scan Counter outputs respectively. 
Therefore, Cursor data in the PROM should be stored at these addresses. 


HORIZONTAL LINE COUNT 


BIT ASSIGNMENT CHART 

SKEW BITS DATA ROWS/FRAME 


REG* 7 


REG3 7 6 5 


MODE: INTERLACED/ H SYNC WIDTH H SYNC DELAY 
NON INTERLA CED , * — , r - i . 

REG 1 1 7 I 6 I [ I 3 I 2 I [gTI RE< 


SCANS/DATA ROW CHARACTERS/DATA ROW 


SCAN LINES/FRAME 


VERTICAL DATA START 


LAST DISPLAYED DATA ROW 


CURSOR CHARACTER ADDRESS 


JU REG 7 LZJ 


CURSOR ROW ADDRESS 


3 I 2 1 \ 0 \ REGS 7 I 


0 REG 8 
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AC TIMING DIAGRAMS 


FIGURE 1 VIDEO TIMING 


DOT COUNTER | 
CARRY , 


H SYNC V SYNC BLANK 
CURSOR VIDEO. 
COMPOSITE SYNC 



■ 

I 


FIGURE 2 LOAD'READ TIMING 


ADDRESS. 
CHIP SELECT 


DBfJ-7 

LOADING IN 
OF DATA 


DB0-7 

READING OUT 
OF DATA 



*R0~3 and DR0-5 may change prior to the falling edge of H sync 







MAXIMUM GUARANTEED RATINGS' 

Operating Temperature Range 0°Cto+ 70°C 

Storage Temperature Range -55°C to + 150°C 

Lead Temperature (soldering, 10 sec.) + 325°C 

Positive Voltage on any Pin, with respect to ground + 1 8.0V 

Negative Voltage on any Pin, with respect to ground - o.3V 


Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or “glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transient^ on the AC power line may appear on the DC output. For example, the 
bench power supply programmed to deliver + 1 2 volts may have large voltage transients when’the 
AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta = Q°C to 70°C, Vcc= +5V±5%, Vdd- + 12V^5%, unless otherwise noted) 


Parameter 

Min. 

Typ. 

Max. 

Unit 

Comments 

D.C. CHARACTERISTICS 






INPUT VOLTAGE LEVELS 






Low Level, Vil 



0.8 

V 


High Level, Vih 

Vcc-1.5 


Vcc 

V 


OUTPUT VOLTAGE LEVELS 






Low Level— Vol for R0f-3 



0 4 

V 

1 oi - 3.2ma 

Low Level — Vol all others 



0.4 

V 

Iol : 1 6ma 

High Level— Voh for R0-3, DB0-7 

2.4 




Ioh - 80 /Lta 

High Level — Voh all others 

2.4 




Ioh - AOfjLa 

INPUT CURRENT 






Low Level, Iil (Address, CS only) 



250 

/a A 

V IN = 0.4V 

Leakage, Iil (All Inputs except Address, CS) 


10 


0 < Vin<Vcc 

INPUT CAPACITANCE 






Data Bus, Cin 


10 

15 

pF 


DS, Clock, Cin 


25 

40 

PF 


All other, Cin 


10 

15 

PF 


DATA BUS LEAKAGE in INPUT MODE 






Idb 



10 

aA 

0.4V ^V in £ 5.25V 

POWER SUPPLY CURRENT 






Icc 


80 

100 

mA 


Idd 


40 

70 

mA 


A.C. CHARACTERISTICS 





Ta - 25 C 

DOT COUNTER CARRY 






frequency 

0.2 


4.0 

MHz 

Figure 1 

PWh 

35 



ns 

Figure 1 

PWl 

215 



ns 

Figure 1 

fr. If 


10 

50 

ns 

Figure 1 

DATA STROBE 






PWds 

150ns 


10ms 


Figure 2 

ADDRESS, CHIP SELECT 






Set-up time 

125 



ns 

Figure 2 

Hold time 

50 



ns 

Figure 2 

DATA BUS— LOADING 






Set-up time 

125 



ns 

Figure 2 

Hold time 

75 



ns 

Figure 2 

DATA BUS— READING 






T DEL2 



125 

ns 

Figure 2, CL= 50pF 

TDEL4 

5 


60 

ns 

Figure 2, CL- 50pF 

OUTPUTS: H0-7, HS, VS, BL, CRV, 






CS-Tdeu 



125 

ns 

Figure 1, CL=20pF 

OUTPUTS: Rflf-3, DR0-5 






T OEL3 

* 


500 

ns 

Figure 3, CL = 20pF 


*R0-3 and DR0-5 may change prior to the falling edge of H sync 


Restrictions 

1 . Only one pin is available for strobing data into the device via the data bus. The cursor X and Y coordinates are therefore 
loaded into the chip by presenting one set of addresses and outputed by presenting a different set of addresses. Therefore 
the standard WRITE and READ control signals from most microprocessors must be “NORed” externally to present a single 
strobe (DS) signal to the device. 

2. In interlaced mode the total number of character slots assigned to the horizontal scan must be even to insure that vertical 
sync occurs precisely between horizontal sync pulses. 
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General Timing 

HORIZONTAL TIMING 

START OF LINE N START OF LINE N+ 1 _ 

_n £zzz zzzzzgzzzzzzzzzzzzzza n 17^777 


ACTIVE VIDEO = 
CHARACTERS PER DATA LINE “ 


HORIZONTAL SYNC DELAY 
(FRONT PORCH) 


T 


HORIZONTAL SYNC WIDTH-J 
HORIZONTAL LINE COUNT = H 


VERTICAL TIMING 

START OF FRAME M OR ODD FIELD 

H* SCAN LINES PER FRAME- 


START OF FRAME Mf 1 OR EVEN FIELD 


_T~l JZZZZZ 777 77~ ZZ/Z7/ ZZZZZZZZZZZZZZ3 f ~ l r/77 


VERTICAL DATA 
START 


ACTIVE VlDEO= 
DATA ROWS PER FRAME 


1^4 


vertical sync 

= 3H 


V OH 

H SYNC 




Composite Sync Timing 


*01 

Voh 
V SYNC 

voT 


Voh 

COMPOSITE” 
SYNC , , 
Vol 










IT 


Vertical Sync Timing 


- FRAME M 


SCANS 

COUN 




1 


DATA ROW 
COUNT f R DRO 
N • ?3 


Ro]_ 


DATA ROW O HJNTf R 
MAINTA.NS l AST COUNT 
OURiNO v BLANK 


-V 


JJJULLUUL 




ipn 




VERTICAL DATA START SCAN REUS! 


IJULLIJUL^ 


EXAMPLE BASED ON I 


Oi ?4 (1,41,1 rows 10 scans dai.1 


Start-up, CRT 5027 

When employing microprocessor controlled loading of the CRT 5027’s registers, the following se- 
quence of instructions is necessary: 


ADDRESS 
1 1 1 


0 1 
0 0 


COMMAND 

Start Timing Chain 
Reset 

Load Register 0 


Load Register 6 
Start Timing Chain 


The sequence of START RESET LOAD START is necessary to insure proper initialization of the 
registers. 

This sequence is not required if register loading is via either of the Self Load modes. This sequence 
is optional with the CRT 5037 or CRT 5057. 


STANDARD MICROSYSTEMS 
CORPORATION, 


F <5*8273 3100 WX 510 227 M98 

m imp ahead gf our csmpfdtten so *su on Hep ahead ef i/sun 


Circuit diagranps utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible 
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STANDARD MICROSYSTEMS 
CORPORATION zfl 


35 Marcus Btvd , Hauppauge, N Y 11787 
(516)273-3100 TWX- 510-227- 8898 


We teg) ahead of our competitio n so you can keep ahead of yours. 


COM2502 
COM201 7 

COM2502/H 

COM2017/H 


Universal Asynchronous Receiver/Transmitter 


UART 


FEATURES 

□ Direct TTL Compatibility — no interfacing circuits 
required 

□ Full or Half Duplex Operation — can receive and 
transmit simultaneously at different baud rates 

□ Fully Double Buffered — eliminates need for precise 
external timing 

□ Start Bit Verification — decreases error rate 

□ Fully Programmable— data word length, parity mode, 
number of stop bits; one, one and one-half, or two 

□ High Speed Operation — 40K baud, 200ns strobes 

□ Master Reset— Resets all status outputs 

□ Tri-State Outputs — bus structure oriented 


Pin Configuration 






Vcc C 

1 

40 

3 TCP 

VDD £ 

2 

39 

] POE 

Gnd £ 

3 

38 

3 NDB1 

REE T 

4 

37 

3 NDB2 

RD8 C 

5 

36 

3 NSB 

RD7 C 

6 

35 

3 NPB 

RD6 C 

7 

34 

3 cs 

RD5 C 

8 

33 

3 TD8 

RD4 C 

9 


32 

3 TD7 

RD3 C 

10 


31 

3 TD6 

RD2 C 

11 


30 

D TDS 

RD1 C 

12 


29 

3 TD4 

RPE C 

13 

28 

3 TD3 

RFE C 

14 

27 

3 TD2 

ROR C 

15 

26 

3 tdi 

§W£ C 

16 

25 

3 TSO 

RCP C 

17 

24 

3 TEOC 

rdaR- c 

18 

23 

3 rm 

RDA C 

19 

22 : 

3 TBMT 

RSI C 

20 

21 

3 MR 

PACKAGE: 40-Pin D.I.P. 


□ Low Power— minimum power requirements 

□ Input Protected — eliminates handling problems 

□ Ceramic or Plastic Dip Package— easy board insertion 


GENERAL DESCRIPTION 

The Universal Asynchronous Receiver/Transmitter is 
an MOS/LSI monolothic circuit that performs all the 
receiving and transmitting functions associated with 
asynchronous data communications. This circuit is 
fabricated using SMC’s P-channel low voltage oxide- 
nitride technology. The duplex' mode, baud rate, data 
word length, parity mode, and number of stop bits are 
independently programmable through the use of exter- 
nal controls. There may be 5, 6, 7 or 8 data bits, odd/even 
or no parity, and 1 , or 2 stop bits or 1 .5 stop bits when 
utilizing a 5-bit code from the COM 2017 or COM 2017/H. 
The UART can operate in either the full or half duplex 
mode. These programmable features provide the user 
with the ability to interface with all asynchronous 
peripherals. 




TCP 

cs 

NPB 

NSB 

NOB2 

NDB1 

POE 


RCP 


RSI 




Functional Block Diagram 

TD1 TD2 TD3 TD4 TD5 TD6 TD7 TD8 


23 


26 27 28 [29 30 [31 32 33 


TRANSMITTER BUFFER REGISTER 

“TV — 


40 




TRANSMITTER 

SHIFT 

REGISTER 


TIMING AND CONTROL TRANSMITTER 


34 


35 


ies 

» 

iea 

* 

IfeUI 

* 

1C&1 


■ 

■ 

H 

i 


CONTROL 

REGISTER 




STATUS 

WORD 

BUFFER 

REGISTER 


TTT 


20 


^2: 


TIMING AND CONTROL RECEIVER 


RECEIVER 

SHIFT 

REGISTER 




RECEIVER BUFFER REGISTER 


9 HO Ml M2 


25 


24 


16 


4 TEOC 
Swl 


22 


13 


14 


18 


1 21 
& 


TSO 


TBMT 

RPE 

RFE 

ROR 

RDA 


MR 

Vcc 

Vdo 

Gnd 


RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1 
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DESCRIPTION OF OPERATION — TRANSMITTER 


At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate is 
applied and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO are all at a high 
level (the line is marking). 

When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 
may be set. Normally, the control bits are strobed 
into the transmitter prior to the data bits. However, 
as long as mini mum pulse width specifications 
are not violated, TDS and CS ma y occ ur simulta- 
neously. Once the date strobe (TDS) has been 
pulsed the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 

If the transmitter shift register is transmitting pre- 
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when it is 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 


commences. TSO goes low (the start bit), TEOC 
goes iow, the TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 
new data. 

If new data is loaded into the data bits buffer register 
at this time, TBMT goes lowand remains in this state 
until the present transmission is completed. One 
full character time is available for loading the next 
character with no loss in speed of transmission. This 
is an advantage of double buffering. 

Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. 


TRANSMITTER BLOCK DIAGRAM 


ODD/EVEN 
PARITY SELECT 


CONTROL 

STROBE 


16 xT 
CLOCK 


NO NUMBER 
PARITY STOP BITS 

1 1 


NUMBER OF 
DATA BITS 


Uk. 


CONTROL BITS HOLDING REGISTER 


TO 

RECEIVER 


TIMING GENERATOR 


DBS DB7 DB6 DBS DB4 DB3 DB2 DB1 

A LL-l-i LL L 


DATA BITS HOLDING REGISTER 
BUFFER 


STEERING LOGIC 


TRANSMITTER SHIFT REGISTER 


PARITY BIT GENERATION LOGIC 


R 

F/F 


OUTPUT 

LOGIC 


DATA STROBE 


TRANSMITTER 

BUFFER 

EMPTY 

SERIAL 

OUTPUT 


END OF 
CHARACTER 


DESCRIPTION OF OPERATION — RECEIVER 


At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate isapplied 
and master reset is pulsed. Thedata available (RDA) 
signal is now low. There is one set of control bits for 
both the receiver and transmitter. 

Data reception begins when the serial input line 
transitions from mark (high) to space (low). If the 
RSI line remains spacing for a 1/2 bittime, agenuine 
start bit is verified. Should the line return to a mark- 


ing condition prior to a 1 /2 bit time, the start bit veri- 
fication process begins again. A mark to space 
transition must occur in order to initiate start bit 
verification. Once a start bit has been verified, data 
reception proceeds in an orderly manner: start bit 
verified and received, data bits received, parity bit 
received (if selected) and the stop bit(s) received. 

If the transmitted parity bit does not agree with the 
received parity bit, the parity error flip-flop of the 
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status word buffer register is set high, indicating a 
parity error. However, if the no parity mode is se- 
lected, the parity error flip-flop is unconditionally 
held low, inhibiting a parity error indication. If a 
stop bit is not received, due to an improperly framed 
character, the framing error flip-flop is set high, 
indicating a framing error. 

Once a full character has been received internal 
logic looks at the data available (RDA) signal. If, at 
this instant, the RDA signal is high the receiver 
assumes that the previously received character has 


not been read out and the over-run flip-flop is set 
high. The only way the receiver is aware that data 
has been read out is by having the data available 
reset low. 

At this time the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re- 
ceiving the next character. Due to the double buf- 
fered receiver, a full character time is available to 
remove the received character. 


RECEIVER BLOCK DIAGRAM 


DATA 

ENABLE 


CONTROL 
BITS FROM 
HOLDING 
REGISTER 


RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1 

T T T T T t T T 


FRAMING 

ERROR 

OVER RUN t PARITY ERROR 


DATA 

AVAILABLE 


AND GATE 


S TATUS 

WORD 

ENABLE 


TRANSMITTER 
■ BUFFER EMPTY 


DATA BITS HOLDING REGISTER 
BUFFER 


RESET DAT A 
AVAILABLE 


AND 

GATE 

_r 






STATUS 

HOLDING 

k 3 

* 31“ 
m 

QO 

}D 

STER 

E 


16 x R 
CLOCK 


TIMING GENERATOR 


SERIAL 

START BIT 


PARITY BIT 


RIGHT 

M 

RECEIVER SHIFT 

INPUT 9 

VERIFICATION 


CHECKING LOGIC 


JUSTIFY LOGIC 

1 

ri 

CP REGISTER 


DESCRIPTION OF PIN FUNCTIONS 


PIN NO. 

SYMBOL 

NAME 

FUNCTION 

1 

Vcc 

Power Supply 

-F5 volt Supply 

2 

Vdd 

Power Supply 

—12 volt Supply 

3 

GND 

Ground 

Ground 

4 

RDE 

Received Data 
Enable 

A low-level input enables the outputs (RD8-RD1 ) of the 
receiver buffer register. 

5-12 

RD8-RD1 

Receiver Data 
Outputs 

These are the 8 tri-state data outputs enabled by RDE. 
Unused data output lines, as selected by NDB1 and NDB2, 
have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 

13 

RPE 

Receiver Parity 

Error 

This tri-state output (enabled by SWE) is at a high-level if 
the received character parity bit does not agree with the 
selected parity. 

14 

RFE 

Receiver Framing 
Error 

This tri-state output (enabled by SWE) is at a high-level if 
the received character has no valid stop bit. 
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DESCRIPTION OF PIN FUNCTIONS 


PIN NO. 

SYMBOL 

NAME 

FUNCTION 

15 

ROR 

Receiver Over 

Run 

This tri-state output (enabled by SWE) is at a high-level if 
the previously received character is not read (RDA output 
not reset) before the present character is transferred into 
the receiver buffer register. 

16 

SWE 

Status Word 

Enable 

A low-level input enables the outputs (RPE, RFE, ROR, 
RDA, and TBMT) of the status word buffer register. 

17 

RCP 

Receiver Clock 

This input is a clock whose frequency is 16 times (16X) the 
desired receiver baud rate. 

18 

RDAR 

Receiver Data 
Available Reset 

A low-level input resets the RDA output to a low-level. 

19 

RDA 

Receiver Data 
Available 

This tri-state output (enabled by SWE) is at a high-level 
when an entire character has been received and transferred 
into the receiver buffer register. 

20 

RSI 

Receiver Serial 
Input 

This input accepts the serial bit input stream. A high-level 
(mark) to low-level (space) transition is required to initiate 
data reception. 

21 

MR 

Master Reset 

This input should be pulsed to a high-level after power 
turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, RPE, RFE and ROR to a low-level. 

22 

TBMT 

Transmitter 

Buffer Empty 

This tri-state output (enabled by SWE) is at a high-level 
when the transmitter buffer register may be loaded with 
new data. 

23 

TDS 

Transmitter 

Data Strobe 

A low-level input strobe enters the data bits into the 
transmitter buffer register. 

24 

TEOC 

Transmitter End 
of Character 

This output appears as a high-level each timeafull character 
is transmitted. It remains at this level until the start of 
transmission of the next character or for one-half of a TCP 
period in the case of continuous transmission. 

25 

TSO 

Transmitter 

Serial Output 

This output serially provides the entire transmitted 
character. TSO remains at a high-level when no data is 
being transmitted. 

26-33 

TD1-TD8 

Transmitter 

Data Inputs 

There are 8 data input lines (strobed by TQS) available. 
Unused data input lines, as selected by NDB1 and NDB2, 
may be in either logic state. The LSB should always be 
placed on TD1. 

34 

CS 

Control Strobe 

A high-level input enters the control bits (NDB1, NDB2, 
NSB, POE and NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 

35 

NPB 

No Parity Bit 

A high-level input eliminates the parity bit from being 
transmitted; the stop bit(s) immediately follow the last data 
bit. 1 n addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the RPE output is 
forced to a low-level. See pin 39, POE. 
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DESCRIPTION OF PIN FUNCTION 


PIN NO. 

SYMBOL 

NAME 

FUNCTION 

36 

NSB 

Number of 

Stop Bits 

This input selects the number of stop bits. A low-level input 
selects 1 stop bit; a high-level input selects 2 stop bits. 
Selection of 2 stop bits when programming a 5 data bit word 
generates 1.5 stop bits from the COM 2017 or COM 2017/H. 

37-38 

NDB2, 

NDB1 

Number of Data 
Bits/Character 

These 2 inputs are internally decoded to select either 5, 6, 7, 
or 8 data bits/character as per the following truth table: 

NDB2 NDB1 data bits/character 

L L 5 

L H 6 

H L 7 

H H 8 

39 

POE 

Odd/Even Parity 
Select 

The logic level on this input, in conjunction with the NPB 
input, determines the parity mode for both the receiver and 
transmitter, as per the following truth table: 

NPB POE MODE 

L L odd parity 

L H even parity 

H X no parity 

X = don’t care 

40 

TCP 

Transmitter 

Clock 

This input is a clock whose frequency is 16 times (16X) the 
desired transmitter baud rate. 


TRANSMITTER TIMING-8 BIT, PARITY, 2 STOP BITS 


TBMT 

TSO 

TEOC 


U 1 I 

~j START [data 1~j ..... ]~DATA «^,PARITy[sTOP 1 STOP 2 1 START 
— (*_ 

time | 


TRANSMITTER START-UP 



Upon data transmission initiation, or when not transmitting at 100% line utilization, the start bitwil l be placed 
on the TSO line at the high to low transition of the T CP clock following the trailing edge of fOS. 


RSI 


RECEIVER TIMING— 8 BIT, PARITY, 2 STOP BITS 

| START [ DATA 1~j~ JdATA 8~[pARITv| STOP 1 STOP 2 1 START 


CENTER BIT 
SAMPLE 

RDA* 

RDA” 


—HI 

K — 1/16 Bit time 

1 1 
i 

LJ 



‘The RDA line was previously not reset (ROR = high-level) 
"The RDA line was previously reset (ROR = low-level) 


RCP 

RSI 


START BIT DETECT/VERIFY 

"i_n_ xnr 

M £ — Begin verify L — Begin 

S I 


Begin verify 


If the RSI line remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the line return to a 
marking condition prior to a 1/2 bit time, the start bit verification process begins again. 
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SECTION ill 



MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (soldering, 10 sec.) 
Positive Voltage on any Pin, Vcc . — 
Negative Voltage on any Pin, Vcc — 


. ...0°Cto 4-70° C 
— 55°C to 4-150° G 

4-325° C 

4-0.3V 

—25V 


‘Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition abovethose indicated in theoperational 
sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (Ta = 0° C to 70° C, Vcc = 4-5V ±5%, Vdd = -12V ±5%, unless otherwise noted) 


Parameter 

Min. 

Typ. 

Max. 

Unit 

Conditions 

D.C. CHARACTERISTICS 






INPUT VOLTAGE LEVELS 






Low-level, Vil 

Vdd 


0.8 

V 


High-level, Vih 

Vcc-1.5 


Vcc 

V 


OUTPUT VOLTAGE LEVELS 






Low-level, Vol 


0.2 

0.4 

V 

Iol — 1.6mA 

High-level, Voh 

2.4 

4.0 


V 

o 

X 

li 

—k 

o 

> 

INPUT CURRENT 






Low-level, Iil 



1.6 

mA 

see note 4 

OUTPUT CURRENT 






Leakage, Ilo 



-1 

M 

SWE = RDE = Vih, 0 < Vout < +5V 

Short circuit, los“ 



10 

mA 

Vout = 0V 

INPUT CAPACITANCE 






All inputs, Cm 


5 

10 

pf 

Vin = Vcc, f = 1 MHz 

OUTPUT CAPACITANCE 






All outputs, Gout 


10 

20 

P f 

SWE = RDE = Vih, f= 1MHz 

POWER SUPPLY CURRENT 






Icc 



28 

mA 

All outputs = Voh, All inputs = Vcc 

Idd 



28 

mA 


A.C. CHARACTERISTICS 





Ta = 4-25° C 

CLOCK FREQUENCY 






(COM2502, COM2017) 

DC 


400 

KHz 

RCP, TCP 

(COM2502H, COM2017H) 

DC 


640 

KHz 

RCP, TCP 

PULSE WIDTH 






Clock 

1 



JJS 

RCP, TCP 

Master reset 

500 



ns 

MR 

Control strobe 

200 



ns 

cs 

Transmitter data strobe 

200 



ns 

tds 

Receiver data available reset 

200 



ns 

RDAR 

INPUT SET-UP TIME 






Data bits 

>0 



ns 

TD1-TD8 

Control bits 

>0 



ns 

NPB, NSB, NDB2, NDB1, POE 

INPUT HOLD TIME 






Data bits 

>0 



ns 

TD1-TD8 

Control bits 

>0 



ns 

NPB, NSB, NDB2, NDB1, POE 

STROBE TO OUTPUT DELAY 





Load = 20 pf +1 TTL input 

Receive data enable 



350 

ns 

RDE: Tpdi, Tpdo 

Status word enable 



350 

ns 

SWE: Tpdi, Tpdo 

OUTPUT DISABLE DELAY 



350 

ns 

RDE, SWE 


“Not more than one output should be shorted at a time. 


NOTES: 1 . If the transmitter is inactive (TEOC and TBMT areata high-level) the start bit will appearon the TSO line within 
one clock period (T CP) after the trailing edge of TUB. 

2. The start bit (mark to space transition) will always be detected within one clock period of RCP, guaranteeing 
a maximum start bit slippage of 1/16th of a bit time. 

3. The tri-state output has 3 states: 1 ) low impedance to Vcc 2) low impedance to GND 3) high impedance OFFs 
10M ohms. The “OFF” state is controlled by the SWE and RDE inputs. 

4. Under steady state conditions no current flows forTTL or MOS interfacing. (COM 2502 or COM 2502/H) 
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FLOW CHART— TRANSMITTER 


FLOW CHART— RECEIVER 


1 TURN POWER ON 

2 PULSE EXTERNAL RESET 

3 SELECT BAUD RATE -16* CLK 



1 TURN POWER ON 

2 PULSE EXTERNAL RESET 

3 SELECT BAUD RATE -16* CLK 

4 SET CONTROL BITS 



c 


( 


STANDARD MICROSYSTEMS 
CORPORAHONi 



sovjucantegpafwadoffl&re. 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 


( 
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APPENIX D 

KEYBOARD MATRIX 

912C/920C 

Below is the matrix ( "schematic" ) that is expected on the 
keyboard attached to connector PI. The character interpretation 
is actually a firmware decision. 


COLUMN 


#0 

#1 

#2 

#3 

#4 

#5 

#6 

#7 

PIN# 

8 

9 

10 

11 

12 

13 

14 

15 



1 

$1 

1 

1 

LINE 1 

BLOCK 1 

1 1 

1 

ROW #0 

20 

N 1 

41 

Rl 

G 1 

FEEDI 

CONVi 

\l 

1 

#1 

16 

1 

X 1 

1 

ESC 1 

1 

TABI 

1 

A 1 

1 

I 1 

LI 

1 

-1 

1 

Z 1 



1 

% 1 

1 

1 

1 

1 

* 1 

1 

#2 

21 

M! 

51 

Tl 

HI 

1 

1 

81 

1 



1 

! 1 

1 

1 

1 

: I 

+ 1 

1 

#3 

17 

Cl 

11 

01 

SI 

Ol 

1 1 

= 1 

mmn 



<1 

"1 

1 

1 

" 1 

? i 

( 1 

i 

#4 

22 

r 1 

61 

Yl 

Jl 

' 1 

/ 1 

91 

i 



i 

@1 

I 

1 

1 

i 

1 

i 

#5 

18 

VI 

21 

Wl 

D 1 

P 1 

ENTER 1 

mmn 

DELI 



> i 

&l 

1 

1 

1 

SPACE 1 

BACKI 

1 

#6 

23 

9 1 

7 1 

Ul 

Kl 

BERAK 1 

BARI 

SPACE 1 

HOME 1 



1 

#1 

1 

1 

] 1 

1 

“1 

} 1 

#7 

19 

Bl 

31 

El 

FI 

[ 1 

RETURN 1 

'1 

{ 1 



1 

1 

1 

1 

BACK 1 

SEND 1 

SEND 1 

PAGE 1 

#8 

26 

1 

1 

1 

1 

TABI 

PAGE 1 

LINE I 

ERASE 1 



LINE 1 

LINE 1 

LINE 1 

CHARI 

CHAR 1 

1 

1 

1 

#9 

25 

ERA 1 

DELI 

INSI 

DELI 

INS 1 

Fll 1 

F10 1 

F9 1 

#10 

24 

1 

F8I 

1 

F7 1 

F6 1 

1 

F5I 

1 

F4I 

1 

F3 1 

1 

F2 1 

1 

FI 1 

#11 

7 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

ALPHA 


1 








LOCK 

3 

1 








SHIFT 

4 

T 

1 








FUNCT 

5 

1 

1 








CTRL 

6 

1 

1 









GROUND 1,2 



1 


APPENDIX D 


KEYBOARD MATRIX 
9 1 2B/920B 


Below is the matrix ("schematic") that is expected on the keyboard 
attached to connector Pi. The character interpretation is actually a 
firmware decision. 

COLUMN #0 #1 #2 #3 #4 #5 #6 #7 


PIN #-» 8 9 10 11 12 1 3 1,4 15 


ROW #0 



4 

R 



m 

B 

m 

M - 

#1 



TAB 

ESC 

1 

I 

L 



■ 

# 2 



5 

■ 

H 

PRINT 

mi 

8 

m 

■ 

#3 



1 

■ 

S 

0 

BSBB1 

■ 

CLEAR] 

9 

#4 



6 

■ 

J 

RUB 

■ 

■ 

mn 

9 









■ 

m|Qj 

■ 


18 

V 

2 

w 



HI 


■ 

mi 

#6 

23 


7 

u 

m 

mu 

SP 

m 

HOME 

9 

#7 . 

19 

B 

3 

E 

F 

LF 

mi 

t i 

PROT 

9 

#8 

M 

■ 






m 


9 


■ 

■ 




BRK 

SND 

n 

PG 

■ 

#9 _ 

EH 

Hi 


■ 


TAB 

PAI 

8S3 

ERA 

i 



LIN 

LIN 

LIN 



■ ■ 

mm 

-mmm 

■ 

#10 _ 

24 

ERA 

DEL 

INS 

999 


U 

■SR 

mmm 


#11_ 


■ 


F6 

m 

F4 

HI 

F2I 

■H 



ALPHA 

SHFT 

FUNC 

CTL 

GROUND 









































APPENDIX E 


PI 

PIN 1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


CONNECTOR LISTS 

KEYBOARD CONNECTOR (See also Appendix D) 
Ground for Keyboard 

ft If It 


Input from keyboard 

II !« If 

II II If 

If II If 

Input from keyboard 
Output to keyboard 
Output to keyboard 
Output to keyboard 
Output to keyboard 
Output to keyboard 
Output to keyboard 
Output to keyboard 
Output to keyboard 
Input from keyboard 
Input from keyboard 
Input from keyboard 
Input from keyboard 
Input from keyboard 
Input from keyboard 
Input from keyboard 
Input from keyboard 
Input from keyboard 


ALPHA KEY 

Bit 

6 of 

SHFT KEY 

It 

4 » 

FUNC KEY 

It 

2 ” 

CTL KEY 

ff 

3 " 

Matrix 



Bit 

Matrix 

Co lumn 

Bit 

Matrix 

Co lumn 

Bit 

Matrix 

Column 

Bit 

Matrix 

Column 

Bit 

Matrix 

Column 

Bit 

Matrix 

Column 

Bit 

Matrix 

Column 

Bit 

Matrix 

Column 

Bit 

Matrix 



Bit 

Matrix 



Bit 

Matrix 



Bit 

Matrix 



Bit 

Matrix 



Bit 

Matrix 



Bit 

Matrix 



Bit 

Matrix 



Bit 

Matrix 



Bit 


40C to 40F 

if n 

n ti 

ii ii 

5 of 40F 

0 of Port 1 

1 of Port 1 

2 of Port 1 

3 of Port 1 

4 of Port 1 

5 of Port 1 

6 of Port 1 

7 of Port 1 
1 of 40C 

1 of 40D 
1 of 40E 
1 of 40F 
0 of 40C 
0 of 40D 
0 of 40E 
0 of 40F 
5 of 40E 


E-l 



PI KEYBOARD CONNECTOR (Continued) 

25 Input from keyboard Matrix Bit 5 of 40D 

26 Input from keyboard Matrix Bit 5 of 40C 

P2 VIDEO CONNECTOR 

PIN 1 +HSYNC 

2 "KEY" 

3 VIDEO SHIELD GROUND 

4 +VIDEO 

5 -VSYNC 

6 +TTL VIDEO (or -CGMPSYNC with S2-10, 11 open) 


P3 COMPUTER PORT 

PIN 1 

2 TXD (RS232) 

3 RCVD (RS232) 

4 RTS (RS232) 

5 CTS (RS232) 

6 DCR2 (RS232) 

7 GROUND 

8 DCR1 (RS232) 

9 

10 

11 

12 RXD1 (TTY) 

13 TXD2 (TTY) 

14 

15 

16 
17 


Transmit Data, Output 

Receive Data, Input 

Request to Send, Output 

Clear to Send, Input 

"Data Carrier Ready, (S5-2, 13) , Input 

"Data Carrier Ready" (S5-1, 14), Input 


Current Loop Receive Data 1, Input 

Current Loop Transmit Data 2, (Return) Output 


E-2 



P3 COMPUTER PORT (Continued) 

PIN 18 

19 

20 DTR (RS232) Data Terminal Ready (S5-3, 12 and 85-4,11), Output 

21 
22 

23 

24 RXD2 (TTY) Current Loop Receive Data 2 (Returns) Input 

25 TXD1 (TTY) Current Loop Transmit Data 1, Output 

P4 PRINTER PORT 

PIN 1 
2 

3 PRT DATA (RS232) Transmit Data, Output 

4 

5 

6 TERM RDY2 (RS232) "Terminal Ready" (W12), Output 

7 GROUND 

8 TERM RDY1 (RS232) "Terminal Ready" (W13) , Output 

9 

10 

11 

12 

13 

14 

15 

16 
17 


E-3 



P4 PRINTER PORT (Continued) 

PIN 18 

19 

20 +PRTRDY (RS232) Printer Ready, Input 

21 

22 

23 

24 

25 

P5 POWER SUPPLY CONNECTOR 

PIN 1 -12V 

2 "KEY" 

3 GROUND 

4 +5V 

5 +12V 

P7 

PIN 1 Speaker 8_fL 

i it ii 


( 



( 


> 

i 


E-4 




Zilog 


Z8400 

Z80CPU Central 
Processing Unit 


used as a refresh address jo the system's 
dynamic memories. 

WAIT. Wait (input, active Low). WAIT 
indicates to the CPU that the addressed mem- 
ory or I/O devices are not ready for a data 
transfer. The CPU continues to enter a Wait 
state as long as this signal is active. Extended 


WAIT periods can prevent the CPU from 
refreshing dynamic memory properly. 

WR. Me mor y Write (output, active Low, 
3-state). WR indicates that the CPU data bus 
holds valid data to be stored at the addressed 
rpemory or I/O location. 


FoertUTM 



Pin A0-A15. Address Bus (output, active High, 

Descriptions 3-state). A0-A15 form a 16-bit address bus. The 
Address Bus provides the address for memory 
data bus exchanges (up to 64K bytes) and for 
I/O device exchanges. 

BUSACK. Bus Acknowledge (output, active 
Low). Bus Acknowledge indicates to the 
reguesting device that the C PU add r ess bus , 
dat a bus, an d control signals MREQ, IORQ, 
RD, and WR have entered their high- 
impedance states. The external circuitry 
can now control these lines. 

BUSREQ. Bus Bequest (input, active L ow). 

Bus Request has a higher priority than NMI 
and is always recog nized at th e end of the cur- 
rent machine cycle. BUSREQ forces the CPU 
addres s bus, d ata bus, a nd control signals 
MREQ, IORQ, RD, and WR to go to a high- 
impedance state so that othe r devices can 
control these lines. BUSREQ is normally wire- 
ORed and requires an extern al pullup for 
these applications. Extended BUSREQ 
periods due to extensive DMA operations can 
prevent the CPU from properly refreshing 
dynamic RAMs. 

Do-Dy. Data Bus (input/output, active High, 
3-state). D0-D7 constitute an 8-bit bidirectional 
data bus, used for data exchanges with 
memory and I/O. 

HALT. Halt State (output, active Low). HALT 
indicates that the CPU has executed a Halt 
instruction and is awaiting either a non- 
maskable or a maskable interrupt (with the 


mask enabled) before operation can resume. 
While halted, the CPU executes NOPs to 
maintain memory refresh. 

INT. Interrupt Request (input, active Low). 
Interrupt Reguest is generated by I/O devices. 
The CPU honors a request at the end of the 
current instruction if the internal software- 
control ledjnterrupt enable flip-flop (IFF) is 
enabled. INT is normally wire-ORed and 
requires an external pullup for these 
applications. 

IORQ. Input/ Outpu t Request (output, active 
Low, 3-state). IORQ indicates that the lower 
half of the address bus holds a valid I/O 
addre ss for an I/O read or write operation. 
IORQ is also generated concurrently with Ml 
during an interrupt acknowledge cycle to indi- 
cate that an interrupt response vector can be 
placed on the data bus. 

Ml . Machine Cyc le One (output, active Low). 
Ml, together with MREQ, indicates that the 
current machine cycle is the opcode fetch 
cycl e of an instruction execution. Ml, together 
with IORQ, indicates an interrupt acknowledge 
cycle. 

MREQ. Mem ory Req uest (output, active 
Low, 3-state). MREQ indicates that the address 
bus holds a valid address for a memory read or 
memory write operation. 

NMI. Non - Maskable Interrupt (input, active 
Low). NMI has a higher priority than INT. NMI 
is always recognized at the end of the current 
instruction, independent of the 
status of the interrupt enable flip-flop, and 
automatically forces the CPU to restart at 
location 0066H. 

RD. Memory Read (output, active Low, 

3-state). RD indicates that the CPU wants to 
read data from memory or an I/O device. The 
addressed I/O device or memory should use 
this signal to gate data onto the CPU data bus. 
RESET. Reset (input, active Low). RESET 
initializes the CPU as follows: it resets the 
interrupt enable flip-flop, clears the PC and 
Registers I 8fnd R, and sets the interrupt status 
to Mode 0. During reset time, the address and 
data bus go to a high-impedance state, and all 
control o utput si gnals go to the inactive state. 
Note that RESET must be active for a minimum 
of three full clock cycles before the reset 
operation is complete. 

RFSH. Refres h (outp ut, active Low). RFSH, 
together with MREQ, indicates that the lower 
seven bits of the system's address bus can be 


Instruction The Z80 microprocessor has one of the most 

Set powerful and versatile instruction sets 

available in any 8-bit microprocessor. It 
includes such unique operations as a block 
move for fast, efficient data transfers within 
memory or between memory and I/O. It also 
allows operations on any bit in any location in 
memory. 

The following is a summary of the Z80 
instruction set and shows the assembly 
language mnemonic, the operation, the flag 
status, and gives comments on each instruc- 
tion. The Z80 CPU Technical Manual 
(03-0029-01) and Assembly Language 
Programming Manual (03-0002-01) contain 
significantly more details for programming 
use. 

The instructions are divided into the 
following categories: 

□ 8-bit loads 

□ 16-bit loads 

□ Exchanges, block transfers, and searches 


□ 8-bit arithmetic and logic operations 

□ General-purpose arithmetic and CPU 
control 

□ 16- bit arithmetic operations 

□ Rotates and shifts 

□ Bit set, reset, and test operations 

□ Jumps 

□ Calls, returns, and restarts 

□ Input and output operations 


A variety of addressing modes are 
implemented to permit efficient and fast data 
transfer between various registers, memory 
locations, and input/output devices. These 
addressing modes include: 

□ Immediate □ Indexed 

□ Immediate extended □ Register 

□ Modified page zero □ Register indirect 


□ Relative □ Implied 

□ Extended D Bit 


S-Bit 

Load 

Group 


3t»WSc nmm Ope»*» tta.ei M So.o4 T 

Slmoik OpMotte* 8 S H P/V B» C » M3 110 Bm Brmm CycW. States C— nwate 


LD r. r' 

r - r ' 

• • X • 

X • • • 

01 r r- 


1 

1 

4 

r, r' 

Rssl 

LDr. n 


• • X • 

X . . . 

00 r no 


2 

2 

7 

555~ 

5 





- n - 





001 

c 

LD r. CHL) 

r - (HL) 

• • X • 

X • • • 

01 r no 


1 

2 

7 

010 

D 

LDr, (IX + d) 

r - (IX + d) 

0 . X • 

X . . . 

11 011 101 

DD 

3 

5 

19 

on 

E 





01 r 101 





100 

H 





- d - 





101 

L 

LD r, (IT ♦ d) 

r - (IT + d) 

• • X • 

X • • • 

11 111 101 

FD 

3 

5 

19 

in 

A 



. 


01 r 110 











- d - 







LD (HL). r 

(HL) - r 

• • X • 

X • • • 

01 110 r 


1 

2 

7 



LD (IX + d), r 

(IX + d) - r 

• • X • 

X • . r 

11 011 101 

DD 

3 

5 

19 







01 110 r 











- d - 







LD (IT + d). r 

(IT + d) - r 

. . x • 

x . . . 

11 111 101 

FD 

3 

5 

19 







01 110 r 











- d - 







LD (HL). n 

(HL) - n 

. . x • 

x . . . 

oo no no 

36 

2 

3 

10 














LD (IX + d). n 

(IX + d) - n 

o . X • 

x . . . 

n on 101 

DD 

4 

5 

19 







oo no no 

38 










- d - 







LD (IT + d). n 

(IT + d) - n 

• • X • 

X • » • 

n in 101 

FD 

4 

5 

19 







oo no no 

36 










- d - 







LD A. (BC) 

A - (BC) 

. . x • 

X • • ■ 

00 001 010 

0A 

1 

2 

7 



LD A. (DE) 

A - (DE) 

. . x • 

X • • • 

oo on oio 

1A 

1 

2 

7 



LD A. (nn) 

A — (nn) 

• • X • 

X • • • 

00 111 010 

3A 

3 

4 

13 







- n - 







LD (BC). A 

(BC) - A 

• • X • 

X • • • 

00 000 010 

03 

1 

2 

7 



LD (DE). A 

(DE) - A 

. . x » 

X . O • 

00 010 010 

13 

1 

2 

7 



LD (nn). A 

(nn) — A 

• • X • 

X • • • 

oo no oio 

33 

3 

4 

13 







-ti- 







LD A. I 

A - I 

1 1 X 0 

X IFF 0 • 

ll 101 101 

ED 

2 

2 

9 







01 010 111 

57 






LD A. R 

A - R 

1 1 X 0 

X IFF 0 • 

n 101 101 

ED 

2 

2 

9 







oi on m 

5F 






LD I. A 

I - A 

• • X ® 

x . • . 

n 101 101 

ED 

2 

2 

9 







01 000 111 

47 






LDR. A 

R - A 

• • X • 

X • • ' • 

n ioi 101 

ED 

2 

2 

9 







01 001 111 

4F 







NOTES r. r' litNM any of the registers A. B. C. D. E. H. L. For an explanation of llag notation and symbols lor 

IFF the content of the interrupt enable flip-flop. (IFF) is mnemonic tables, see Symbolic Notation section 

copied into the P/V flag following tables. 


"Z80 is a trademark of Zilog, Inc. 
with whom the publisher is not associated 
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18-Bit Load 
Group 


Exchaage. 
Block 
Trcmsier. 
Block Search 
Groups 



Symbolic 


Flogs 



Opcode 

No.ol 

No.ol M Ko-ol T 


Exchange, 


Symbolic 


Flags 




Opcode 


No.ol 

No.ol K No.ol T 


Ma— toslc 

Operatise 

8 X 

8 

P/V M 

c 

Tt M3 210 Hex 

Bytea 

Cfcltm 

States 

Comments 

Block 

Mnemonic 

Operation 8 

Z 



F/V 

N 

c 

n $43 210 Hes 

£r>M 

Cycles 

States 

Casemate 

LD dd. nn 

dd - nn 

• • X 

• X 



00 ddO 001 

3 

3 

10 

dd Pair 

Transfer, 






0 















- n - 




01 DE 

Block Search 

LDD 

(DE) - (HL) 

• 

X 0 

X 

1 

0 


11 101 101 

ED 

2 

4 

16 


LD IX. nn 

IX - nn 

• « X 

• X 



11 0.11 101 DD 

4 

4 

14 

10 HL 










Ati 










00 100 001 21 




11 SP 

Groups 


HL - HL- 1 



















-n- 





(Continued) 


BC - BC- 1 













LD IY. nn 

IY - nn 

• • X 

• X 



11 111 101 FD 


4 

14 



LDDR 

(DE) - (HL) 

> 

X 0 

X 

0 

0 


n ioi ioi 

ED 

2 

5 

21 

11 BC a 0 






00 100 001 21 







DE - DE - 1 







10 111 000 

B8 

2 

4 

16 

II BC - 0 







_ n — 







HL - HL- 1 



















_ n 







BC - BC- 1 













LD HL. (nn) 

H - (nn+l) 

• • X 

• X 



00 101 010 2A 

3 

5 

16 




Repeal until 














L - (nn) 





z*z 







BC = 0 

© 



0 









LD dd. (nn) 


• • X 

® X 



11 101 101 ED 

4 

6 

20 



CPI 

A - (HU 1 

I 

X i 

X 

t 

i 

• 

11 101 101 

ED 

2 

4 

16 



ddL — (nn) 





01 ddl 011 







HL - HL+1 







10 100 001 

A1 










- n - 







BC - BC- 1 

© 



© 









LD IX. (nn) 

DCh - (nn+l) 

• • X 

• X 



11 011 101 DD 

4 

6 

2Q 



CPIR 

A - (HL) I 

t 

X I 

X 


1 

• 

11 101 101 

ED 

2 

5 

21 

II BC * 0 and 


IXl - (nn) 





00 101 010 2A 



















A * (HL) 






— n — 







HL - HL+ 1 







10 110 001 

B1 

2 


16 

1! BC * 0 or 







— n - 







BC - BC-1 












A « (HL) 

LD IY. (nn) 

IYh - (nn+ 1) 

• • X 

• X 



11 111 101 FD 

4 

6 

20 




Repeal until 














IYj, - (nn) 





00 101 010 2A 







A =* (HL) or 



















I "I 







BC * 0 

© 



0 









LD (nn). HL 

(nn + l) - H 

• • X 

• X 



00 100 010 22 

:3 

5 

16 



CPD 

A - (HL) I 

1 

X 1 

X 

1 

1 

e 

11 101 101 

ED 

2 

4 

16 



(nn) - L 





— n — 







HL - HL- 1 







10 101 001 

A9 





LD (nn). dd 

(nn + 1) — dd}4 

• • X 

• X 



11 101 101 ED 

4 

6 

20 




BC - BC-1 

© 



© 










(nn) — dd)_ 





01 ddO on 






CPDR 

A - (HL) 1 


X 1 

X 

t 

1 

a 

11 101 101 

ED 

2 

5 

21 

If BC • 0 end 







- n - 



















A at (HL) 

LD (nn). IX 






— n — 







HL - HL - 1 







10 111 001 

B9 

2 


16 

If BC - 0 or 

(nn+l) - IX H 

• ® X 

• X 



11 011 101 DD 

4 

6 

20 
















A - (HL) 


(nn) — IXl 





00 100 010 22 







Repeat until 

























A » (HL) or 













LD (nn). IY 

(nn+l) — IYh 

• • X 

• X 



11 111 101 FD 

4 

6 

X 




BC = 0 














(nn) — IYl 





00 100 010 22 































NOTES. (J) P/V flag 0 it tha raaull ol BC - I - 

0 otherwise P/V - 
















- n - 






® Zllaq 

is 1 if A * (HL). otherwise Z 

0. 












LD SP, HL 

SP - HL 

• • X 

• X 



11 111 001 F9 

1 

1. 

6 

















LD.SP, IX 

SP - IX 

SP - IY 

• « X 

• X 



11 011 101 DD 

11 111 001 F9 

11 111 101 FD 

2 

2 

10 

ro 


i-Bit 

ADD A. r 

A - A + r 1 

1 

X 1 

X 

V 

0 

1 

1.0 §xg r 


, 

1 


r 







11 111 001 F9 

? 



qq Pair 

Arithmetic 

ADD A. n 

A - A + n 1 

I 

X t 

X 

V 

0 

t 

li (553 no 


2 

2 

7 

000 B 

PUSH qq 

(SP - 2) - qq L 
(SP- 1) - qq H 

• • X 

• X 



11 qqO 101 

1 

3 

u 

CO BC 

01 DE 

and Logical 









- n - 





001 C 

010 D 


SP - SP -2 









10 HL 

Group 

ADD A. (HL) 

A - A + (HL) 1 

1 

X t 

X 

V 

0 

t 

io|3B} no 


1 

2 

7 

cni £ 

PUSH IX 

(SP-2) - « L 

• • X 

• X 



11 011 101 DD 

2 

4 

15 

11 AF 

ADD A. (IX + d) A - A + -UX + d) 1 

, 

X I 

X 

V 

0 

, 

11 011 101 

DD 

3 

5 

19 

100 K 


(SP - 1) - IXh 

SP - SP - 2 





11 100 101 ES 














loPBBno 





101 L 

PUSH IY 

(SP-2) - IY L : 

• • X 

• X 



11 111 101 FD 

2 

4 

15 











- d - 





111 A 


(SP-1 ) - IYh 





11 100 101 ES 






ADDA. UY + d) A — A + (lY + d) 1 

t 

X t 

X 

V 

0 

1 

11 111 101 

FD 

3 

5 

19 



SP - SP -2 



















lossgno 






POP oq 

qq H - (SP ♦ 1) 

• • X 

• X 



11 qqO 001 

1 

3 

10 











- d - 







qq L - (SP) 











ADC A. • 

A-A + . + CY 1 


X 1 

X 

V 

0 

1 

iron 





a u any ol r, n. 

POP IX 

SP - SP +2 

IX H - (SP + 1) 

• • X 

• x 



11 011 101 DD 

2 

4 

14 



SUB a 

A — A - . 1 

1 

X 1 

X 

V 

1 

1 

ET3 





(HL),.(IX + d), 

(IY + d)sas shown 


1X L - (SP) 





11 100 001 El 






SBC A. • 

A-A-.-CY 1 

1 

X I 

X 

V 

1 

1 

ism 





for ADD instruction. 

POP IT 

SP - SP +2 

IYh - (SP+1) 

• • X 

• X 

a a 

. 

11 111 101 FD 

2 

4 

14 



AND. 

A - A a i t 

1 

x 1 

X 

p 

0 

0 

(rag 





The indicated bits 
replace the KXXjl in 
the ADD set above. 


iy l - (SP) 

SP - SP +2 





11 100 001 El 






OR a 

A - A v . 1 

1 

X 0 

X 

p 

0 

0 

EQ3 



















X .0 

X 

p 

0 

0 

mm 

mu 






NOTES ddu 

«ny oi the register pairs BC, DE. HL. SP. 










CPs 

A-. 1 


X I 

X 

V 

1 

1 








BC. DE. HL 


















oo r SEES 






(PAIR) H . (PAIR) L nrlar to high o 

dcr and low ordar aighl bit« 

ol tha regular 

>air respectively. 






INC r 

r - r + 1 I 

1 

X 1 

X 

V 

0 

• 


1 

1 

4 


•9 












INC (HL) 

(HL) — (HL) ♦ 1 l 

1 

X 1 

X 

V 

0 

• 

cx) iioG22 
11 011 101 


1 

3 

11 


EX DE. HL 

DE - HL 

• • X 

• X 

, , 

s 

11 101 011 EB 

1 

1 

4 




<lX + d) + l 







oo no 023 






EX AF. AT 

AF - AF 

• • X 

• X 



00 001 000 06 

1 

1 

4 











— d — 






EXX 

BC - BC 

• • X 

• X 

a a 

a 

11 011 001 D8 

1 

1 

4 

Regliter bant and 


INC (lY + d) 

(IY +d) — 1 

1 

X 1 

X 

V 

0 

• 

11 111 101 

FD 

3 

6 

23 



DE - DE’ 









auxiliary register 



(IY ♦ d) + 1 







oo no 023 







HL - HL' 









bant exchange 










- d - 






EX (SP). HL 

H - (SP+I) 

a a X 

• X 

• • 

® 

11 100 011 E3 

1 

5 

19 



DEC m 

m - m- 1 t 

1 

X 1 

X 

V 

1 

a 

iron 





m Is any at r. (HL). 


L - (SP) 
























(IX+d). (lY + d) 

EX ISP). IX 

IX H '- (SP+1) 

• • X 

•. X 

• • 

• 

11 011 101 DD 

2 

6 

23 
















es shown lor INC. 


dc l - (SP) 





11 100 011 E3 



















DEC seme format 

EX (SP), IY 

IYh -(SP + 1) 

• • X 

• X 



11 111 101 FD 

2 

6 

23 
















end atetes as INC. 


IYl-(SP) 



<D 


11 100 011 E3 



















Replace (135 with 

LDi 

(DE) - (HL) 

• • I 

0 2 

! 0 

a 

11 101 101 ED 

2 

4 

16 

Load (HL) into 















noli In opcode. 


DE - DE+1 





10 100 000 A0 




(DE). Increment 

















HL - HL+1 









the pointers and 

















BC - BC-1 









decrement the byte 
counter (BC) 
















LDIH 

(DE) - (HL) 

a a X 

0 X 

0 0 

O 

11 101 101 ED 

2 

S 

21 

11 BC * 0 

















DE - DE+1 





10 110 000 B0 

2 

4 

16 

If BC -0 

















HL — HL + l 
BC - BC-1 
Raped until 
BC - 0 

MOTE Qnvibf.oi the teaukai «C-1 - 0, otbarrW* P/V » 1. 


2 



General- 

Purpose 

Arithmetic DAA 

and 

CPU Control 
Groups cpl 


16-Bit 

Arithmetic 

Group 


tubtrad with packed 
BCD operands 
A - S 


Hops Opcode Moot tto-ol M Ho.oi T 

a tm a c n sis no n»x cycle* state* 


00 110 111 37 
00 000 000 00 

01 110 110 76 
11 110 011 F3 
11 111 011 FB 
II 101 101 ED 
01 000 110 46 
11 101 101 ED 
01 010 110 56 
11 101 101 ED 
01 011 110 5E 


II 101 101 ED 
01 ssO 010 
11 011 101 DD 


Rotate and 
Shift Group 
(Continued) 


lit Set, Beset BIT b. 
and Test BIT b 

Group 


nape Opcode *e.ei SSw-Ol M W*.a< T 

as R pm a C n 543 310 Boa 9y*m Cycles States 


dU- — I 

mo r.(HL),(!X + d).(IY + d) 

□j7^i — ® 

m ™ r (HL).(IX dl.tlY + d) 

..- TT^rn [cy] 

mor (HL).(IX + d).(IY + d) 




BIT b. (HL) Z - (HL) b 


BIT b, (IX + d) b Z - <IX + d)b 


BITb. (IY + d) b Z - (IY+d>b 


00 seO 01 1 
11 011 101 DD 
00 100 011 23 
11 111 101 FD 
00 100 011 23 
00 tsl Oil 
II 011 101 DD 
00 101 011 2B 
II 111 101 FD 
00 101 011 2B 


SET b. (HL) (HL) b - 1 
SET b, (IX + dj (IX+d) b -l 


SET b (IY + d) (IY + d) b - 


RES b. m m b - 0 

m - r. (HL). 
(IX + d). 
(IY ^ d) 


II Ml Oil CB 

□ b r 

11 Ml Oil CB 
HU b 110 
11 011 101 DD 
11 Ml Oil CB 


To lorm new 
opcode replace 

o ol SET b. t 
With 0 Flag! 
and time itatm ioi 
SET instruction. 


Rotate and 
Shift Group 






M Oil OM 18 2 

- e-2 - 

M 111 OM 38 2 


cc Condition 

OM M2 non wrro 
MI Z *ero 

010 NC non-carry 

011 C carry 

1M PO parity odd 
101 PE parity oxm 

110 P sign postil’ 

111 M algn nsgat 


n J 

r (HL).(IX + dt.tlY * d) 


4s]— €7r : ;»> J 

m«r.(Hll.(lX*d).(IY*d 

L^^=L[c7! 


3 


Thm 


Symbolic 


lamp Group 

(Continued) 


p/v k c 


He.«i S©,«S M Ne.ri ? 
Bytes Cyates States 


IP (IT) 

pc - nr 

« • X • X * 

1 • * 11 111 101 

FD 

3 

3 

8 




11 101 001 

ES 




DINZ, e 

B- B-l 

• • X » X « 

• » 00 010 000 

10 

3 

3 

8 11 B - 0. 


11 B - 0. 

If B * 0. 

PC - PC + » 


- e - 3 - 


3 

3 

13 If B O 0. 


NOTES: • r s p i r ess n is the sxiansion In the relative addressing mote 

• I* fi signal two's complement number m the rahge < - 136. 129 >. 

• -3 In the opcode provides sn effective eddsees ol pc » o a* PC u IncrainenMd 

te 2 prior lo i)m addition d a. 


Cell and CALL nn (SP-l) - PC H 

Batura Group jj: 2 ^ ** 


11 001 101 CD 


RET 


RETI 

RETHl 

RSTp 


PC L - (SP) 
PCh - (SP+1) 

It condition 
cc is falsa 
continue, 
otherwise 

RET*** 

Return from 
interrupt 
Return Irora 




(SP - 1) - 
(SP - 2) - 

pch -o 
pc l - p 


pc h 

pc l 


NOTE 'RETN load. IFFj - IFF, 


X • X 


11 OOI 001 C9 1 3 10 


X • X 


X * X 
X • X 


X • X 


11 101 v(01 ED 3 

01 001 101 4D 

11 10) 101 ED 3 

01 000 101 45 



3 


14 


11 


cc Condition 


(506 WJ non-zero 
001 Z zero 

010 NC non carry 

01 1 C carry 

100 PO parity odd 

101 PE parity even 

1 10 P sign positive 

111 M sign negetive 


000 00H 

001 08H 

010 10H 

011 18H 

100 20H 

101 2SH 

110 30H 

111 38H 


btput GQld IN A, (n) 

Output Group Wr (C) 


INIR 


IN DR 


OUT (n). A 


r — (C) 

li r - 110 only the 
flags will be affected 

(HL) - (C) 

B - B- 1 
HL - HL + 1 
(HL) - (C) 

B — B- 1 
HL - HL ♦ 1 
Repeat until 
B - 0 

(HL) - (C) 

B - B -1 
HL - HL - 1 
(HL) - (C) 

B — B - 1 
HL - HL- 1 
Repeet until 
B - 0 
(n) - A 


• • X • X • • 

I I X I X P 0 


X I X X X X 1 

X 1 X X X X 1 


X I X X X X 1 

X 1 X X X X 1 


OUT (C). I 

OUTI 

OTIR 


(C) - (HL) 

B - B-l 
HL - HL + 1 
(C) - (HL) 

B - B-l 
HL - HL t l 

Repeat until 

B - 0 

(C) - (HL) 

B - B-l 
HL - HL - 1 


X I X X X X 1 

X 1 X X X X 1 


X I X X X X 1 


NOTE: Q II the result s<B- I 


11 011 011 DB 3 3 

11 101 101 ED 2 3 

01 r 000 


11 


12 


n to Ao - A7 
Acc. to Ag - Aj5 
C to Ao - A7 
B to Ag ~ A15 


11 101 101 ED 2 

10 100 010 A2 


4 16 C to Aq - A 7 

B to Ag - A15 


IT 101 101 ED 
10 110 0)0 B2 


(If B*0) 
4 

(If R-0) 


C to Ao - A^ 
B to Ag - Ais 


tl 101 101 ED 2 
10 101 010 AA 


4 16 C to Ao - A7 

B to Ag - A)5 


11 101 101 ED 
10 111 010 BA 


2 5 21 

(If BwO) 

2 4 16 

(If B«0) 


C to Ag - A7 
B to Ag - A 15 


11 010 011 D3 2 

11 101 101 ED 2 

01 r 001 

11 101 101 ED 2 

10 TOO Oil A3 


3 11 

3 12 

4 16 


11 101 101 ED 
10 110 011 B3 


2 5 21 

(IlB*0> 

2 4 16 

(II B-0) 


n to Ag - A7 
Acc. to Ag - A 15 
C to Ag - A7 

B to Ag - Aj5 


C to Aq - A7 
B to Ag - A|5 


C to Ao - A 7 
B to Ag - A 15 


11 101 101 ED 2 
10 101 011 AB 


4 16 C to Aq - A 7 

B to Ag - A15 


Input and 
Output Group ****** 
(Continued) otdr 


Flogs Opcode Ho. el Ro.a! M Ko.et T 

S3 H P/V N C n M3 810 Bee Bytes Cycle* States Ceaameate 


X 1 X X X X 


11 101 101 ED 2 S 21 

10 111011 (HB*0) 

2 4 16 

(If B-0) 


C to Ao - A7 
B to Ag - Aj 5 


Summary ol 
Flag 

Operation 










Do 


IwtructlcB 

8 

z 


H 


P/V 

N 

c 

CmanS 

ADD A. ADC A. > 

1 

~r 

x 

~ 7~ 

X 

V 

0 

~ 

8 bit odd or add with carry. 

SUB i. SBC A, *. CP .. NEG 

1 

1 

X 

1 

X 

V 

1 

1 

8 -bit subtract. subtract with carry, compare and negata accumulator. 

AND a 

*» 

{ 

X 

1 

X 

p 

0 

ol 

Logical operation! 

OR i. XOR . 

1 

t 

X 

0 

X 

p 

0 

of 

INC t 

1 

I 

X 

I 

X 

V 

0 

• 

8 bit increment 

DEC* 

1 

1 

X 

1 

X 

V 

I 

O 

8 -bit decrement. 

ADD DD. u 

* 

« 

X 

X 

X 


0 

l 

16 bit add. 

ADC HL. as 

1 

1 

X 

X 

X 

V 

0 

1 

16-bit add with carry. 

SBC HL. m 

1 

I 

X 

X 

X 

V 

1 

r 

16- bit subtract with carry. 

RLA. RLCA, RRA, RRCA 

• 

e 

X 

0 

X 


0 

1 

Rotate accumulator 

RL m, RLC m. RR m; 

1 

1 

X 

0 

X 

p 

0 

I 

Rotate and ahitt location*. 

RRC m. SLA m; 

SRA m, SRL m 










RLD. RRD 

1 

I 

X 

0 

X 

p 

0 

• 

Rotate digit left and right. 

DAA 

1 

1 

X 

I 

X 

p 


l 

Decimal adjuat accumulator. 

CPL 

• 

• 

X 

1 

X 

• 

1 


Complement eccumulator. 

SCF 

• 

9 

X 

0 

X 

• 

0 

1 

Set carry 

CCF 

• 


X 

X 

X 

• 

0 

1 

Complement carry. 

IN r (C) 

1 

I 

X 

0 

X 

p 

0 

e 

Input register indirect. 

INI. IND, OUTI, OUTD 

INIR. INDR. OTIR, OTDR 

X 

X 

l 

\ 

X 

X 

X 

X 

X 

X 

X 

X 

1 

:| 

Block input and output. Z * 0 it B • 0 otherwise Z » 0. 

LD1. LDD 

LD1R; LDDR 

X 

X 

X 

X 

X 

X 

o- 

0 

X 

X 

0 

0 

0 

:| 

Block transler instructions P/V - 1 il BC * 0. otherwise P/V » 0. 

CPI; CPIH; CPD; CPDR 

X 

1 

X 

X 

X 

1 

1 

• 

Block search instructions. Z » 1 if A - (HL), otherwise Z « 0. P/V - 1 










■I BC * 0. otherwise P/V - 0. 

LD A. I. LD A. R 

1 

I 

X 

0 

X 

IFF 

0 

a 

The content ol the interrupt enable ilip-llop (IFF) is copied into the P/V Hag. 

BIT b. s 

X 

1 

X 

1 

X 

X 

0 

9 

The state ol bit b ol location s is copied into the Z flag 


Symbolic 

Notation 


Symbol Operation 

S Sign flag. S = 1 if (he MSB of the result is 1. 

Z Zero flag. Z = 1 if the result of the operation is 0. 

P/V Parity or overflow flag. Parity (P) and overflow 

(V) share the same Hag. Logical operations affect 
this flag with the parity of the result while 
arithmetic operations affect this flag with the 
overflow ot the result. If P/V holds parity, P/V = 

1 if the result of the operation is even, P/V = 0 if 
result is odd. If P/V holds overflow, P/V = 1 if 
the result of the operation produced an overflow. 

H Half-carry flag. H = 1 if the add or subtract 

operation produced a carry into or borrow from 
bit 4 of the accumulator. 

N Add/Subtract flag. N = 1 if the previous opera- 

tion was a subtract. 

H & N H and N flags are used in conjunction with the 

decimal adjust instruction (DAA) to properly cor- 
rect the result into packed BCD format following 
addition or subtraction using operands with 
packed BCD format. 

C Carry/Link flag . C = 1 if the operation produced 

a carry from the MSB of the operand or result. 


Symbol OporatioB 

I The flag is affected according to the result of the 

operation. 

• The flag is unchanged by the operation. 

0 The flag is reset by the operation. 

1 The flag is set by the operation. 

X The flag is a "don't care." 

V P/V flag affected according to the overflow result 

of the operation. 

P P/V flag affected according to the parity result of 

the operation. 

r Any one of the CPU registers A, B, C, D, E, H, L. 

s Any 8-bit location for all the addressing modes 

allowed for the particular instruction. 

ss Any 16-bit location for all thi addressing modes 

allowed for that instruction. 

li Any one of the two index registers IX or IY. 

R Refresh counter. 

n 8-bit value in range < 0, 255 > . 

nn 16-bit value in range < 0, 65535 > . 


4 






Zilog 


18410 

280 s DMJi Direct 
Memory Access Controller 


Footuroe 


Pin 

Description 



Aq-Au. System Address Bus (output, 3-state). 
Addresses generated by the DMA are sent to 
both source and destination ports (main 
memory or I/O peripherals) on these lines. 

BAI. Bus Acknowledge In (input, active Low). 
Signals that the system buses have been 
released for DMA contr ol. In multiple-DMA 
configurations, the BAI pin of the highest 
priority DMA is normally connected to the Bus 
Acknowledge pin of the CPU. Lower-priority 
DMAs have their BAI connected to the BAO of 
a higher-priority DMA. 

BAO. Bus Acknowledge Out (output, active 
Low). In a multiple-DMA configuration, this 
pin signals that no other higher- prior ity D MA 
has requested t* e system buses. BAI and BAO 
form a daisy chain for multiple-DMA priority 
resolution over bus control. 

BUSREQ. Bus Bequest (bidirectional, active 
Low, open drain). As an output, it sends 
requests for control of the system address bus, 
data bus and control bus to the CPU. As an 

input, when multiple DMAs are strung 

toget her in a priority daisy chain via BAI and 
BAO, it senses when another DMA has 
requested the buses and causes this DMA to 
refrain from bus requesting until the other 
DMA is finished. Because it is a bidirectional 
pin, there cannot be any buffers between this 
DMA and any other DMA. It can, however, 
have a buffer between it and the CPU because 
it is unidirectional into the CPU. A pull-up 
resistor is connected to this pin. 

<5E/WAlT. Chip Enable and Wait (input, 
active Low). Normally this functions only as a 
CE line , but i t can also be programmed to 
serve a WAIT function. As a CE l ine fr om the 
CPU, it becomes active when WR and IOftO 


are active and the I/O port address on the 
system address bus is the DMA's address, 
thereby allowing a transfer of control or com- 
mand bytes from the CPU to the DMA. As a 
WAIT line from memory or I/O devices, after 
the DMA has received a bus- request ack- 
nowledge from the CPU, it causes wait states 
to be inserted in the DMA's operation cycles 
thereby slowing the DMA to a speed that 
matches the memory or I/O device. 

CLK. System Clock (input). Standard Z-80 
single-phase clock at 2.5 MHz (Z-80 DMA) or 
4.0 MHz (Z-80A DMA). For slower system 
clocks, a TTL gate with a pullup resistor may 
be adequate to meet the timing and voltage 
level specification. For higher-speed systems, 
use a clock driver with an active pullup to 
meet the Vjh specification and risetime 
requirements. In all cases there should be a 
resistive pullup to the power supply of 10K 
ohms (max) to ensure proper power when the 
DMA is reset . 

Dg-Dy. System Data Bus (bidirectional, 

3-state). Commands from the CPU, DMA 
status, and data from memory or I/O 
peripherals are transferred on these lines. 

IEL Interrupt Enable In (input, active High). 
This is used with IEO to form a priority daisy 
chain when there is more than one interrupt- 
driven device. A High on this line indicates 
that no other device of higher priority is being 
serviced by a CPU interrupt service routine. 

IEO. Interrupt Enable Out (output, active 
High). IEO is High only if IEI is High and the 
CPU is not servicing an interrupt from this 
DMA. Thus, this signal blocks lower- priority 
devices from interrupting while a higher- 
priority device is being serviced by its CPU 
interrupt service routine. 

INT/ PULSE. Interrupt Request (output, active 
Low, open drain). This requests a CPU inter- 
rupt. The CPU a cknowledges the interrupt by 
pulling its IORQ output Low during a n M l 
cycle. It is typically connected to the INT pin 
of the C PU w ith a pullup resistor and tied to 
all other INT pins in the system. This pin can 
also be used to generate periodic pulses to an 
external device. It can be used this way only 
when the DMA is bus ma ster (i.e., the CPU's 
BUSREQ and BUSACK lines are both Low 
and the CPU cannot see interrupts). 

IORQ. Input/Output Request (bidirectional, 
active Low, 3-state). As an input, this indicates 
that the lower half of the address bus holds a 
valid I/O port address for transfer of control or 
status bytes from or to the CPU, respectively; 


this D MA is the addressed port if its CE pin 
and its WR or RD pins are simultaneously 
active. As an output, after the DMA has taken 
control of the system buses, it indicates that 
the 8-bit or 16-bit address bus holds a valid 
port address for another I/O d evice i nvolved in 
a DMA transfer of data. When IORQ and Ml 
are both active simultaneously, an interrupt 
acknowledge is indicated. 

ML Machine Cycle One (input, active Low). 
Indicates that the current CPU machine cycle 
is an instruction fetch. It is used by the DMA 
to decode the return-from-interrupt instruction 
(RETI) (ED-4D) sent by the CPU. During two- 
byte instruction fetches, MI is active as each 
opcode byte is fetched. An interrupt ack- 
nowledge is indicated when both MI and 
IORQ are active. 

MREQ. Memory Request (output, active Low, 
3-state). This indicates that the address bus 
holds a valid address for a memory read or 
write operation. After the DMA has taken con- 
trol of the system buses, it indicates a DMA 


Programming The Z-80 DMA has two programmable fun- 
damental states: (1) an enabled state, in which 
it can gain control of the system buses and 
direct the transfer of data between ports, and 
(2) a disabled state, in which it can initiate 
neither bus requests nor data transfers. When 
the DMA is powered up or reset by any means, 
it is automatically placed into the disabled 
state. Program commands can be written to it 
by the CPU in either state, but this auto- 
matically puts the DMA in the disabled state, 
which is maintained until an enable command 
is issued by the CPU. The CPU must program 
the DMA in advance of any data search or 
transfer by addressing it as an 1/0 port and 
sending a sequence of control bytes using an 
Output instruction (such as OTIR for the 
Z-80 CPU). 

Writing. Control or command bytes are writ- 
ten into one or more of the Write Register 
groups (WR0-WR6) by first writing to the base 
register byte in that group. All groups have 
base registers and most groups have additional 
associated registers. The associated registers 
in a group are sequentially accessed by first 
writing a byte to the base register containing 
register-group identification and pointer bits 
(l's) to one or more of that base register's 
associated registers. 

This is illustrated in Figure 8b. In this 
figure, the sequence in which associated 
registers within a group can be written to is 
shown by the vertical position of the associated 
registers. For example, if a byte written to the 
DMA contains the bits that identify WRO (bits 
DO, D1 and D7), and also contains l's in the 
bit positions that point to the associated "Port 
A Starting Address (low byte)" and "Port A 
Starting Address (high byte)," then the next 
two bytes written to the DMA will be stored in 
these two registers, in that order. 


transfer request from or to memory. 
m. Read (bidirectional, active Low, 3-state). 
As an input, this indicates that the CPU wants 
to read status bytes from the DMA's read 
registers. As an output, after the DMA has 
taken control of the system buses, it indicates a 
DMA-controlled read from a memory or I/O 
port address. 

RDY. Ready (input, programmable active Low 
or High). This is monitored by the DMA to 
determine when a peripheral device associated 
with a DMA port is ready for a read or write 
operation. Depending on the mode of DMA 
operation (Byte, Burst or Continuous), the RDY 
line ind irectly co ntrols DMA activity by caus- 
ing the BUSREQ line to go Low or High. 

WR. Write (bidirectional, active Low, 3-state). 
As an input, this indicates that the CPU wants 
to write control or command bytes to the DMA 
write registers. As an output, after the DMA 
has taken control of the system buses, it 
indicates a DMA-controlled write to a memory 
or I/O port address. 


Reading. The Read Registers (RR0-RR6) are 
read by the CPU by addressing the DMA as an 
I/O port using an Input instruction (such as 
INIR for the Z-80 CPU). The readable bytes 
contain DMA status, byte-counter values, and 
port addresses since the last DMA reset. The 
registers are always read in a fixed sequence 
beginning with RRO and ending with RR6. 
However, the register read in this sequence is 
determined by programming the Read Mask in 
WR6. The sequence of reading is initialized by 
writing an Initiate Read Sequence or Set Read 
Status command to WR6. After a Reset DMA, 
the sequence must be initialized with the 
Initiate Read Sequence command or a Read 
Status command. The sequence of reading all 
registers that are not excluded by the Read 
Mask register must be completed before a new 
Initiate Read Sequence or Read Status 
command. 

Fix*d-Addr**s Programming. A special cir- 
cumstance arises when programming a desti- 
nation port to have a fixed address. The load 
command in WR6 only loads a fixed address to 
a port selected as the source, not to a port 
selected as the destination. Therefore, a fixed 
destination address must be loaded by tem- 
porarily declaring it a fixed-source address 
and subsequently declaring the true source as 
such, thereby implicitly making the other a 
destination. « 

The following example illustrates the steps in 
this procedure, assuming that transfers are to 
occur from a variable-address source (Port A) 
to a fixed-address destination (Port B): 

1. Temporarily declare Port B as source in 
WRO. 

2. Load Port B address in WR6. 

3. Declare Port A as source in WRO. 
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Figure 8b. Write Registers 
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B0-B7. Port B Bus (bidirectional, 3-state). This 
8-bit bus transfers data, status, or control 
information between Port B and a peripheral 
device. The Port B data bus can supply 
1.5 mA at 1.5 V to drive Darlington transistors. 
Bo is the least significant bit of the bus. 

B/A. Port B Or A Select (input, High = B). 
This pin defines which port is accessed during 
a data transfer between the CPU and the PIO. 
A Low on this pin selects Port A; a High 
selects Port B. Often address bit Ao from the 
CPU is used for this selection function. 

BRDY. Register B Ready (output, active High). 
This signal is similar to ARDY, except that in 
the Port A bidirectional mode this signal is 
High when the Port A input register is empty 
and ready to accept data from the peripheral 


Pin Ag-Ay. Port A Bus (bidirectional, 3-state). 

Description This 8-bit bus transfers data, status, or control 
information between Port A of the PIO and a 
peripheral device. Ao is the least significant 
bit of the Port A data bus. 

ARDY. Register A Ready (output, active 
1-fygh). The meaning of this signal depends on 
the mode of operation selected for Port A as 
follows: 

Output Mode. This signal goes active to indicate that the 
Port A output register has been loaded and the peripheral 
data bus is stable and ready for transfer to the peripheral 
device. 

Input Mode. This signal is active when the Port A input 
register is empty and ready to accept data from the 
'peripheral device. 

Bidirectional Mode. This signal is active when data is 
available in the Port A output register for transfer to the 
peripheral device. In this mode, data is not placed on the 
Port A data bus, unless ASTB is active. 

Control Mode. This signal is disabled and forced to a Low 
state. 

ASTB. Port A Strobe Pulse From Peripheral 
Device (input, active Low). The meaning of 
this signal depends on the mode of operation 
selected for Port A as follows: 

Output Mode. The positive edge of this strobe is issued by 
the peripheral to acknowledge the receipt of data made 
available by the PIO. 

Input Mode. The strobe is issued by the peripheral to load 
data from the peripheral into the Port A input register. 

Data is loaded into the PIO when this signal is active. 

Bidirectional Mode. When this signal is active, data from 
the Port A output register is gated onto the Port A bidirec- 
tional data bus. The positive edge of the strobe acknowl- 
edges the receipt of the data. 

Control Mode. The strobe is inhibited internally. 


BSTB. Port B Strobe Pulse From Peripheral 
Device (i nput, a ctive Low). This signal is 
similar to ASTB, except that in the Port A 
bidirectional mode this signal strobes data 
from the peripheral device into the Port A 
input register. 

C/D. Control Or Data Select (input. 

High = C). This pin defines the type of data 
transfer to be performed between the CPU and 
the PIO. A High on this pin during a CPU 
write to the PIO causes the Z-80 data bus to be 
interpreted as a command for the port selected 
by the B/A Select line. A Low on this pin 
means that the Z-80 data bus <s being used to 
transfer data between the CPU and the PIO. 
Often address bit Aj from the CPU is used for 
this function. 

CE. Chip Enable (input, active Low). A Low 
on this pin enables the PIO to accept com- 
mand or data inputs from the CPU during a 
write cycle or to transmit data to the CPU dur- 
ing a read cycle. This signal is generally 
decoded from four I/O port numbers for Ports 
A and B, data, and control. 

CLK. System Clock (input). The Z-80 PIO uses 
the standard single-phase Z-80 system clock. 

D 0 -D 7 . Z-80 CPU Data Bus (bidirectional, 
3-state). This bus is used to transfer all data 
and commands between the Z-80 CPU and the 
Z-80 PIO. Dq is the least significant bit. 

IEL Interrupt Enable In (input, active High). 
This signal is used to form a priority- interrupt 
daisy chain when more than one interrupt- 
driven device is being used. A High level on 
this pin indicates that no other devices of 
higher priority are being serviced by a CPU 
interrupt service routine. 




Pin 

Description 

(Continued) 


Programming 


IEO. Interrupt Enable Out (output, active 
High). The IEO signal is the other signal 
required to form a daisy chain priority scheme. 
It is High only if IEI is High and the CPU is 
not servicing an interrupt from this PIO. Thus 
this signal blocks lower priority devices from 
interrupting while a higher priority device is 
being serviced by its CPU interrupt service 
routine. 

INT. Interrupt Req uest (output, open drain, 
active Low). When INT is active the Z-80 PIO 
is requesting an interrupt from the Z-80 CPU. 

lORQ. Input/Outp ut Req uest (input from Z-80 
CPU, active Low). IORQ is u sed in conjunc- 
tion with B/A, C/D, CE, and RD to transfer 
commands and data between the Z-80 C PU and 
the Z-80 PIO. When CE, RD, and IOR0 are 
active, the port addressed by B/A transfers 

data to the CP U (a read operation). Con- 

versely, when CE and IORQ are active but RD 
is not, the port addressed by B/A is written 
into from the CPU with either data or control 


inform ation, as specified by C/D. Also, if 
IORQ and Ml are active simultaneously, the 
CPU is acknowledging an interrupt; the inter- 
rupting port automatically places its interrupt 
vector on the CPU data bus if it is the highest 
priority device requesting an interrupt. 

Ml. Machine Cycle (input from CPU, active 
Low). This signal is used as a sync pulse to 
control several internal PIO operations. When 
both the Ml and RD signals are active, the 
Z-80 CPU is fetching an instruction from 
memo ry. Conversely, when both Ml and 
IORQ are active, the CPU is acknowledging 
an interrupt. In addition, Ml has two other 
functions within the Z-80 PIO: it synchronizes 
the PIO interrupt logic; when Ml occurs 
without an active RD or IORQ signal, the PIO 
is reset. 

RD. Read Cyc le S tatus (input from Z-80 CPU, 
active Low). If RD inactive, or an I/O opera- 
tion is in progr ess, RD is used with B/A, C/D, 
CE, and IORQ to transfer data from the Z-80 
PIO to the Z-80 CPU. 


A 

Mod* 0. 1. or 2. (Byte Input, Output, or 
Bidirectional). Programming a port for Mode 
0, 1, or 2 requires two words per port. These 
words are: 

A Mods Control Word. Selects the port operating mode 
(Figure 6 ). This word may be written any time. 

An Interrupt Vector. The Z-80 PIO is designed lor use with 
the Z-80 CPU in interrupt Mode 2 (Figure 7). When inter- 
rupts are enabled, the PIO must provide an interrupt 
vector. 

Mod* 3. (Bit Input/Output). Programming a 
port for Mode 3 operation requires a control 
word, a vector (if interrupts are enabled), and 
three additional words, described as follows: 

I/O Register Control. When Mode 3 is selected, the mode 
control word must be followed by another control word that 
sets the I/O control register, which in turn defines which 
port lines are inputs and which are outputs (Figure 8 ). 

Interrupt Control Word. In Mode 3, handshake is not 
used. Interrupts are generated as a logic function of the 
input signal levels. The interrupt control word sets the 
loqic conditions and the logic levels required for gener- 
ating an interrupt. Two logic conditions or functions are 
available: AND (if all input bits change to the active level, 
an interrupt is triggered), and OR (if any one of the input 
bits changes to the active level, an interrupt is triggered). 

Bit Dg sets the logic function, as shown in Figure 9. The 
active level of the input bits can be set either High or Low. 
The active level is controlled by Bit D 5 . 

Mask Control Word. This word sets the mask control 
register, allowing any unused bits to be masked off. If any 
bits are to be masked, then must be set. When D 4 is set, 
the next word written to the port must be a mask control 
word (Figure 10). 

Interrupt Disabl*. There is one other control 
word which can be used to enable or disable a 
port interrupt. It can be used without changing 
the rest of the interrupt control word 
(Figure 11). 



IDENTIFIES MODE 
CONTROL WORD 


MODE SELECT 

0 0 MODE 0 

0 1 MODE 1 

1 0 MODE 2 

1 1 MODE J 


Figure 8. Mode Control Word 




[_ IDENTIFIES INTERRUPT 
VECTOR 

USER SUPPLIED INTERRUPT 


Figure 7. Interrupt Victor Word 
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1 e SETS BIT TO OUTPUT 

1 SETS BIT TO INPUT 

Figure 3. I/O Register Control Word 



“NOTE; THE PORT IS NOT ENABLED UNTIL 

THE INTERRUPTENABLE IS FOLLOWED 
BY AN ACTIVE Sfl 


Figure 9. Interrupt Control Word 
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MBt-MBr MASK BITS. A 
BIT 18 MONITORED FOR AN 
INTERRUPT IF IT IS 
OEFINED AS AN INPUT AND 
THE MASK BIT IS SET TO 0. 





Dr •> 0 MTERRUPT DISABLE 
Dr - 1 INTERRUPT ENABLE 


Figure 10. Mask Control Word 


Figure 11. Interrupt Disable Word 
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Pin 

Description 



CE. Chip Enable (input, active Low). When 
enabled the CTC accepts control words, inter- 
rupt vectors, or time constant data words from 
the data bus during an I/O write cycle; or 
transmits the contents of the down-counter to 
the CPU during an I/O read cycle. In most 
applications this signal is decoded from the 
eight least significant bits of the address bus 
for any of the four I/O port addresses that are 
mapped to the four counter-timer channels. 
CLK. System Clock (input). Standard single- 
phase Z-80 system clock. 
CLK/TRGo-CLS/TRGg. External Clock/Timer 
Trigger (input, user- selectable active High or 
Low). Four pins corresponding to the four Z-80 
CTC channels. In counter mode, every active 
edge on this pin decrements the down-counter. 
In timer mode, an active edge starts the timer. 

CS 0 -CS 1 . Channel Select (inputs active High). 
Two-bit binary address code selects one of the 
four CTC channels for an I/O write or read 
(usually connected to Ao and A\). 

Dg-Dy, System Data Bus (bidirectional, 

3-state). Transfers all data and commands 
between the Z-80 CPU and the Z-80 CTC. 


IEI. Interrupt Enable In (input, active High). 
A High indicates that no other interrupting 
devices of higher priority in the daisy chain 
are being serviced by the Z-80 CPU. 


IEO. Interrupt Enable Out (output, active 
High). High only if IEI is High and the Z-80 
CPU is not servicing an interrupt from any 
Z-80 CTC channel. IEO blocks lower priority 
devices from interrupting while a higher 
priority interrupting device is being serviced. 
INT. Interrupt Request (output, open drain, 
active Low). Low when any Z-80 CTC channel 
that has been programmed to enable interrupts 
has a zero-count condition in its down-counter. 
IORQ. Input/Output Request (input from CPU, 
active Low). Used with CE and RD to transfer 
data and channel control words between the 
Z-80 C PU an d the Z-8 0 CTC. During a write 
cycle, IORQ and CE are active and RD 
inactive. The Z-80 CTC does not receive a 
specific write signal; rather, it internally 
gen erates its own from the i nverse of an active 
RD signal. In a read cycle, IORQ, CE and RD 
are active; the contents of the down - counter 
are read by the Z-80 CPU. If IORQ and Ml are 
both true, the CPU is acknowledging an inter- 
rupt request, and the highest priority inter- 
rupting channel places its interrupt vector on 
the Z-80 data bus. 

Ml. Machine Cycle One (i nput fr om CPU, 
active Low). When Ml and IORQ are active, 
the Z-80 CPU is acknowledging an interrupt. 
The Z-80 CTC then places an interrupt vector 
on the data bus if it has highest priorit y, a nd if 
a channel has requested an interrupt (INT). 

RD. Read Cycle Status (i nput, a ctiv e Lo w). 
Used in conjunction with IORQ and CE to 
transfer data and channel control words 
between the Z-80 CPU and the Z-80 CTC. 
RESET. Reset (input active Low). Terminates 
all down-counts and disables all interrupts by 
resetting the interrupt bits in all control 
registers; the ZC/TO and the Interrupt outputs 
go inactive; IEO reflects IEI; D 0 -D 7 go to the 
high- impedance state. 

ZC/TO 0 -ZC/TO 2 . Zero Count/Timeout (output, 
active High). Three ZC/TO pins corresponding 
to Z-80 CTC channels 2 through 0 (Channel 3 
has no ZC/TO pin). In both counter and timer 
modes the output is an active High pulse when 
the down-counter decrements to zero. 
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Programming 


Each Z-80 CTC channel must be pro- 
grammed prior to operation. Programming 
consists of writing two words to the I/O port 
that corresponds to the desired channel. The 
first word is a control word that selects the 
operating mode and other parameters; the 
second word is a time constant, which is a 
binary data word with a value from 1 to 256. A 
time constant word must be preceded by a 
channel control word. 

After initialization, channels may be 
reprogrammed at any time. If updated control 
and time constant words are written to a chan- 
nel during the count operation, the count con- 
tinues to zero before the new time constant is 
loaded into the counter. 

If the interrupt on any Z-80 CTC channel is 
enabled, the programming procedure should 
also include an interrupt vector. Only one vec- 
tor is required for all four channels, because 
the interrupt logic automatically modifies the 
vector for the channel requesting service. 

A control word is identified by a 1 in bit 0. 

A 0 in bit 2 indicates a time constant word is to 
follow. Interrupt vectors are always addressed 
to Channel 0, and identified by a 0 in bit 0. 
Addressing. During programming, channels 
are addressed with the channel select pins CSi 
and CS2. A 2- bit binary code selects the 
appropriate channel as shown in the following 
table. 

Channel CSj CSq 

_ _ - Q 

1 0 1 

2 1 0 

3 1 1 

Reset. The CTC has both hardware and soft- 
ware resets. The hardware reset terminates all 
down-counts and disables all CTC interrupts 
by resetting the interrupt bits in the control 
registers. In addition, the ZC/TO and Interrupt 
outputs go inactive, IEO reflects IEI, and 


D0-D7 go to the high- impedance state. All 
channels must be completely reprogrampned 
after a hardware reset. 

The software reset is controlled by bit 1 in 
the channel control word. When a channel 
receives a software reset, it stops counting. 
When a software reset is used, the other bits in 
the control word also change the contents of 
the channel control register. After a software 
reset a new time constant word must be written 
to the same channel. 

If the channel control word has both bits D] 
and D2 set to 1 , the addressed channel stops 
operating, pending a new time constant word. 
The channel is ready to resume after the new 
constant is programmed. In timer mode, if 
D3 = 0, operation is triggered automatically 
when the time constant word is loaded. 
Channel Control Word Programming. The 
channel control word is shown in Figure 5. It 
sets the modes and parameters described 
below. 

Interrupt Enable. D7 en ables the interrupt, so 
that an interrupt output (INT) is generated at 
zero count. Interrupts may be programmed in 
either mode and may be enabled or disabled 
at any time. 

Operating Mode. D$ selects either timer or 
counter mode. 

Prescaler Factor. (Timer Mode Only). D5 

selects factor — either 16 or 256. 

Trigger Slope. D4 selects the active edge or 
slope of the CLK/TRG input pulses. Note that 
reprogramming the CLK/TRG slope during 
operation is equivalent to issuing an active 
edge. If the trigger slope is changed by a con- 
trol word update while a channel is pending 
operation in timer mode, the result is the same 
as a CLK/TRG pulse and the timer starts. 
Similarly, if the channel is in counter mode, 
the counter decrements. 





Figure 5. Channel Control Word 


Programming Trigger Mode (Timer Mode Only). D3 selects 
(Continued) the trigger mode for timer operation. When D3 
is reset to 0, the timer is triggered automatic- 
ally. The time constant word is programmed 
during an I/O write operation, which takes one 
machine cycle. At the end of the write opera- 
tion there is a setup delay of one clock period. 
The timer starts automatically (decrements) on 
the rising edge of the second clock pulse (T2) 
of the machine cycle following the write opera- 
tion. Once started, th« timer runs contin- 
uously. At zero count the timer reloads 
automatically and continues counting without 
interruption or delay, until stopped by a reset. 

When D3 is set to 1 , the timer is triggered 
externally through the CLK/TRG input. The 
time constant word is programmed during an 
I/O write operation, which takes one machine 
cycle. The timer is ready for operation on the 
rising edge of the second clock pulse (T2) of 
the following machine cycle. Note that the first 
timer decrement follows the active edge of the 
CLK/TRG pulse by a delay time of one clock 
cycle if a minimum setup time to the rising 
edge of clock is met. If this minimum is not 
met, the delay is extended by another clock 
period. Consequently, for immediate trigger- 
ing, the CLK/TRG input must precede T2 by 
one clock cycle plus its minimum setup time. If 
the minimum time is not met, the timer will 
start on the third clock cycle (T3). 

Once started the timer operates contin- 
uously, without interruption or delay, until 
stopped by a reset. 

Time Constant to Follow. A 1 in D2 indicates 
that the next word addressed to the selected 
channel is a time constant data word for the 
time constant register. The time constant word 
may be written at any time. 

A 0 in D2 indicates no time constant word is 
to follow. This is ordinarily used when the 
channel is already in operation and the new 
channel control word is an update. A channel 
will not operate without a time constant value. 
The only way to write a time constant value is 
to write a control word with D2 set. 






li 


TC. 

TC, 

TCj 

rc, 


Figure 6. Tim® Couetoat Word 


Software Reset. Setting Dj to 1 > uses a soft- 
ware reset, which is described in .he Reset 
section. 

Control Word. Setting Dg to 1 identifies the 
word as a control word. 

Time Constant Programming. Before a chan- 
nel can start counting it must receive a time 
constant word from the CPU. During program- 
ming or reprogramming, a channel control 
word in which bit 2 is set must precede the 
time constant word to indicate that the next 
word is a time constant. The time constant 
word can be any value from 1 to 256 (Figure 
6). Note that 00i6 is interpreted as 256. 

In timer mode, the time interval is controlled 
by three factors: 

* The system clock period {<(>) 

■ The prescaler factor (P), which multiplies 

the interval by either 16 or 256 

■ The time constant (T), which is programmed 

into the time constant register 

Consequently, the time interval is the pro- 
duct of 0 x P x T. The minimum timer resolu- 
tion is 16x0 (4 fis with a 4 MHz clock). The 
maximum timer interval is 256x0x256 (16.4 ms 
with a 4 MHz clock). For longer intervals 
timers may be cascaded. 

Interrupt Vector Programming. If the Z-80 
CTC has one or more interrupts enabled, it 
can supply interrupt vectors to the Z-80 CPU. 

To do so, the Z-80 CTC must be pre-pro- 
grammed with the most- significant five bits of 
the interrupt vector. Programming consists of 
writing a vector word to the I/O port cor- 
responding to the Z-80 CTC Channel 0. Note 
that Do of the vector word is always zero, to 
distinguish the vector from a channel control 
word. Dj and D2 are not used in programming 
the vector word. These bits are supplied by 
the interrupt logic to identify the channel 
requesting interrupt service with a unique 
interrupt vector (Figure 7). Channel 0 has the 
highest priority. 


V7-W, 
SUPPLIED 
BY USER 


J 0, j 0. | 0* 1 0« | 0, ! D, 1 


— J 

L 0- INTERRUPT VECTOR WORD 

1 - CONTROL WORD 

CHANNEL IDENTIFIER 


(AUTOMATICALLY INSERTED 
BY CTC) 

0 0- CHANNEL 0 
8 1 • CHANNEL 1 

1 0 - CHANNEL 2 
11- CHANNEL 1 


Figure 7. loiamipt Vector Word 
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Figures 1 through 6 illustrate the three pin 
configurations (bonding options) available in 
the SIO. The constraints of a 40-pin package 
make it imp ossible to bring ou t the Receive 
Clock (RxC), Tran smit Clock ( TxC), Data Ter- 
minal Ready (DTR) and Sync (SYNC) signals 
for both channels. Therefore, either Channel B 
lacks a signal or two signals are bonded 
together in the three bonding options offered: 

■ Z-80 SIO/2 lacks SYNCB 

■ Z-80 SIO/1 lacks DTEB 

■ Z-30 SIO/O has all four signals, but TxCB 
and RxCB are bonded together 

The first bonding option above (SIO/2) is the 
preferred version for most applications. The 
pin descriptions are as follows: 

B/A. Channel A Or B Select (input. High 
selects Channel B). This input defines which 
channel is accessed during a data transfer 
between the CPU and the SIO. Address bit Ao 
from the CPU is often used for the selection 
function. 


C/D. Control Or Data Select (input, High 
selects Control). This input defines the type of 
information transfer performed between the 
CPU and the SIO. A High at this input during 
a CPU write to the SIO causes the information 
on the data bus to be interpreted as a com- 
mandjor the channel selected by B/A. A Low 
at C/D means that the information on the data 
bus is data. Address bit Aj is often used for 
this function. 


CE. Chip Enable (input, active Low). A Low 
level at this input enables the SIO to accept 
command or data input from the CPU during a 
write cycle or to transmit data to the CPU 
during a read cycle. 


CLK. System Clock (input). The SIO uses the 
standard Z-80 System Clock to synchronize 
internal signals. This is a single-phase clock. 

CTSA. CTSB. Clear To Send (inputs, active 
Low). When programmed as Auto Enables, a 
Low on these inputs enables the respective 
transmitter. If not programmed as Auto 
Enables, these inputs may be programmed as 
general-purpose inputs. Both inputs are 
Schmitt-trigger buffered to accommodate slow- 
risetime signals. The SIO detects pulses on 
these inputs and interrupts the CPU on both 
logic level transitions. The Schmitt-trigger buf- 
fering does not guarantee a specified noise- 
level margin. 

Dg-Dy. System Data Bus (bidirectional, 

3- state). The system data bus transfers data 
and commands between the CPU and the Z-80 
SIO. Do is the least significant bit. 

DCDA. DCDB. Data Carrier Detect (inputs, 
active Low). These pins function as receiver 
enables if the SIO is programmed for Auto 
Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt-trigger buffered to accommodate slow- 
risetime signals. The SIO detects pulses on 
these pins and interrupts the CPU on both 
logic level transitions. Schmitt-trigger buffer- 
ing does not guarantee a specific noise-level 
margin. 

DTR A, DTRB. Data Terminal Ready (outputs, 
active Low). These outputs follow the state pro- 
grammed into Z-80 SIO. They can also be pro- 
grammed as general- purpose outputs^ 

In the Z-80 SIO/'l bonding option, DTRB is 
omitted. 

IEI. Interrupt Enable In (input, active High). 
This signal is used with IEO to form a priority 
daisy chain when there is more than one 
interrupt-driven device. A High on this line 
indicates that no other device of higher pri- 
ority is being serviced by a CPU interrupt ser- 
vice routine. 

IEO. Interrupt Enable Out (output, active 
High). IEO » High only if IEI is High and the 
CPU is not servicing an interrupt from this 
SIO. Thus, this signal blocks lower priority 
devices from interrupting while a higher 
priority device is being serviced by its CPU 
interrupt service routine. 

INT. Interrupt Request (output, open drain, 
active Low). Whe n th e SIO is requesting an 
interrupt, it pulls INT Low. 

IORQ. Input /Outp ut Request (input from CPU, 
active Low). IORQ is used in conjunction with 


Pin B/A, C/D, CE and RD to transfer commands 

Description and dat a bet ween the CPU and the SIO. When 
(Continued) CE, RD and IORQ are all active, the channel 
selected by B/A transfers data t o the C PU (a 
read operation). When CE and IORQ are 
active_but RD is inactive, the channel selected 
by B/A is written to by the CPU with either 
data or contro l information as specified by 
C/D. If IORQ and Ml are active simultane- 
ously, the CPU is acknowledging an interrupt 
and the SIO automatically places its interrupt 
vector on the CPU data bus if it is the highest 
priority device requesting an interrupt. 

Ml. Machine Cycle (input from Z-80 CPU, 
active Low). When Ml is active and RD is also 
active, the Z-80 CPU is fetching an inst ructio n 
from memory; when Ml is activ e while IORQ is 
active, the SIO accepts Ml and IORQ as an 
interrupt acknowledge if the SIO is the highest 
priority device that has interrupted the Z-80 
CPU. 

RxCA, RxCB. Receiver Clocks (inputs). 
Rece ive data is sampled on the rising edge of 
RxC. The Receive Clocks may be 1, 16, 32 or 
64 times the data rate in asynchronous modes. 
These clocks may be driven by the Z-80 CTC 
Counter Timer Circuit for programmable baud 
rate generation. Both inputs are Schmitt- 
trigger buffered (no noise level margin is 
specified). 

In the Z-80 SIO/O b onding option, RxCB is 
bonded together with TxCB. 

RD. Read Cycle Status (input from CPU, 
active Low). If RD is active, a mem ory or I/O 
read operatio n is in progress. RD is used with 
B/A, CE and IORQ to transfer data from the 
SIO to the CPU. 

RxDA. RxDB. Receive Data (inputs, active 
High). Serial data at TTL levels. 

RESET. Reset (input, active Low). A Low 
RESET disables both receivers and transmit- 
ters, forces TxDA and TxDB marking, forces 
the modem controls High and disables all 
interrupts. The control registers must be 
rewritten after the SIO is reset and before data 
is transmitted or received. 

RTSA , RTSB. Request To Send (outputs, 
active Low). When the RTS bit in Write 
Register 5 (Figure 14) is set, the RTS output 
goes Low. When the RTS bit is reset in the 
Asynchronous mode, the output goes High 
after the tr ansm itter is empty. In Synchronous 
modes, the RTS pin strictly follows the state of 
the RTS bit. Both pins can be used as general- 
purpose outputs. 

SYNC A, SYNCB. Synchronization (inputs/out- 
puts, active Low). These pins can act either as 
inputs or outputs. In the asynchr onou s receive 
mode , they are inputs similar to CTS and 
DCD. In this mode, the transitions on these 
lines affect the state of the Sync/Hunt status 


bits in Read Register 0 (Figure 13), but have 
no other function. In the External Sync mode, 
these lines also act as inputs. When external 
synchronization is achieved, SYNC must be 
driven Low on the seco nd fte igg edge of RxC 
after that rising edge of RxC on which the last 
bit of the sync character was received. In 
other words, after the sync pattern is detected, 
the external logic must wait for two f ull 
Receive Clo ck cyc les to activate the SYNC 
input. Once SYNC is forced Low, it should be 
kept Low until the CPU informs the external 
synchronization detect logic that synchroniza- 
tion has been lost or a new message is about to 
start. C harac ter assembly begins on the rising 
edge of RxC th at imm ediately precedes the 
falling edge of SYNC in the External Sync 
mode. 

In the internal synchronization mode 
(Monosync and Bisync), these pins act as out- 
puts that are a ctive during the part of the 
receive clock (RxC) cycle in which sync 
characters are recognized. The sync condition 
is not latched, so these outputs are active each 
time a sync pattern is recognized, regardless 

of character boundaries. 

In the Z-80 SIO/2 bonding option, SYNCB 
is omitted. 

TxCA. ¥£6b. Transmitter Clocks (inputs). In 
asynchronous modes, the Transmitter Clocks 
may be 1 , 16, 32 or 64 times the data rate; 
however, the clock multiplier for the transmit- 
ter and the receiver must be the same. The 
Transmit Clock inputs are Schmitt-trigger buf- 
fered for relaxed rise- and fall-time require- 
ments (no noise level margin is specified). 
Transmitter Clocks may be driven by the Z-80 
CTC Counter Timer Circuit for programmable 
baud rate generation. 

In the Z-80 SIO/O b onding option, TxCfe is 
bonded tddethei 1 with tfxCS. 

TxDA, TxDB. Transmit Data (outputs, active 
High). Serial data at TT L lev els. TxD changes 
from the falling edge of TxC. 

W/RDYA. W/RDYB. Wait/Ready A, Wait/ 
Ready B (outputs, open drain when pro- 
grammed for Wait function, driven High and 
Low when programmed for Ready function). 
These dual-purpose outputs may be pro- 
grammed as Ready lines for a DMA controller 
or as Wait lines that synchronize the CPU to 
the SIO data rate. The reset state is open 
drain. 
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Programming 


The system program first issues a series of 
commands that initialize the basic mode of 
operation and then other commands that 
qualify conditions within the selected mode. 
For example, the asynchronous mode, 
character length, clock rate, number of stop 
bits, even or odd parity might be set first; then 
the interrupt mode; and finally, receiver or 
transmitter enable. 

Both channels contain registers that must be 
programmed via the system program pnor to 
operation. The channel- select input (B/A) and 
the control/data input (C/D) are the command- 
structure addressing controls, and are normal- 
ly controlled by the CPU address bus. Figures 
15 and 16 illustrate the timing relationships for 
programming the write registers and transfer- 
ring data and status. 

Read Registers. The SIO contains three read 
registers for Channel B and two read registers 
for Channel A (RR0-RR2 in Figure 13) that can 
be read to obtain the status information; RR2 
contains the internally-modifiable interrupt 
vector and is only in the Channel B register 
set. The status information includes error con- 
ditions, interrupt vector and standard 
communications- interface signals. 

To read the contents of a selected read 
register other than RRO, the system program 
must first write the pointer byte to WRO in 
exactly the same way as a write register opera- 
tion. Then, by executing a read instruction, 
the contents of the addressed read register can 
be read by the CPU. 

The status bits of RRO and RR1 are carefully 
grouped to simplify status monitoring. For 
example, when the interrupt vector indicates 
that a Special Receive Condition interrupt has 
occurred, all the appropriate error bits can be 
read from a single register (RR1). 

Write Registers. The SIO contains eight write 
registers for Channel B and seven write 
registers for Channel A (WR0-WR7 in Figure 
14) that are programmed separately to con- 
figure the functional personality of the chan- 
nels; WR2 contains the interrupt vector for 
both channels and is only in the Channel B 
register set. With the exception of WRO, pro- 
gramming the write registers requires two 
bytes. The first byte is to WRO and contains 
three bits (D 0 -D 2 ) that point to the selected 
register; the second byte is the actual control 
word that is written into the register to cor 
figure the SIO. 


WRO is a special case in that all of the basic 
commands can be written to it with a single 
byte. Reset (internal or external) initializes the 
pointer bits D 0 -D 2 to point to WRO. This 
implies that a channel reset must not be com- 
bined with the pointing to any register. 


BEAD REGISTER 0 



READ REGISTER if 


1 0 T 1 0« 1 D, I 0, 1 0, 1 P t [ 0, ( 



Vein Special Receive Condition Mi 


READ REGISTER 2 
|p,|q,|p,|P 4 jp,|p,|o,|Q.l 



INTERRUPT 

VECTOR 


Figure 13. Head Register Bit Functions 


Programssfag write register o 

(Continued) {oHEK I °« 1 1 °TT^7[K1 



WRITE register 4 


S 0 : l D . l 0, l °^ bl D d £j 



WRITE REGISTER 1 
I O, ) P« I O, I 0, I O, j D, I 0, [ P.] 


— EAT INT ENABLE 

— Ti INT ENABLE 

— STATUS AFFECTS VECTOB 
(CH. B ONLY) 


N> INT ON FIRST CHARACTER 

INT ON ALL Rl CHARACTERS (PARITY AFFECTS VECTOR) 
INT ON ALL Hi CHARACTERS (PARITY DOES NOT AFFECT 
VECTOR) 


— WSiT lREADT ON HIT 

- WXlTfREADY FUNCTION 
-OTT/READY ENABLE 


WRITE REGISTER $ 

| 1 - Ti CRC ENABLE 


— SDLOCRC IS 


Ti S BITS (OR LESSVCHAAACTER 
Ti 7 BITS/CHARACTER 
Tl • BITWCHARACTER 
Ti ■ BITS/CHARACTER 


WRITE REGISTER 2 (CHANNEL B ONLY) 


va \ WTgumirr 


WRITE REGISTER S 



WRITE REGISTER 3 


WRITE REGISTER 7 


|p t |p, | o, | p 4 ) p, j p a | o 1 jpj 




Figure 14. Write Register Bit Functions 
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SINGLE CHIP 8-BIT MICROCOMPUTER 

N-CHANNEL SILICON GATE MOS 


TMP8049P/TMP8049P-6 

TMP8039P/TMP8039P-6 


GENERAL DESCRIPTION 


FEATURES 


TMP8049P/TMP8039P is an 8-bit single chip microcomputer 
fabricated with N-channel Silicon Gate Mos process. 

TMP8048P contains all the basic factors of computer, 
such as CPU, data memory (RAM), program memory 
(mask ROM), I/O ports and timer/counter. 

TMP8039P is the equivalent processor of TMP8049P 
without internal program memory. TMP8049P-6/ 
TMP8039P-6 is a lower speed (6MHz) version of 
11MHz TMP8049P/TMP8039P 


• 8-bit CPU, ROM, RAM, I/O in Single Package 

• Single 5V Supply 

• 1.36#isec Cycle All Instructions 1 or 2 Cycle 

• Easy Expandable Memory and I/O 

• Pin Compatible with TMP8048P 

• Software Compatible with TMP 8048P 

• 2k x 8 ROM, 128 x 8 RAM, 27 I/O Lines 

• Interval Timer/Event Counter 

• Compatible with Industry Standard 8049 


PIN CONNECTIONS (TOP VIEW) 


PIN NAMES & PIN DESCRIPTION 




T 0 

C 

1 

40 

XTAL, 

C 

2 

39 

xtal 2 

d 

3 

38 

RESET 

c 

4 

37 

SS 

c 

5 

36 

iNT 

c 

6 

35 

EA 

c 

7 

34 

RD 

E 

8 

33 

PSEN 

C 

9 

32 

WR 

C 

10 

31 

ALE 

C 

11 

30 

DB 0 

C 

12 

29 

DB, 

c 

13 

28 

db 2 

c 

14 

27 

db 3 

c 

15 

26 

CD 

D 

c 

16 

25 

db 5 

c 

17 

24 

DB 6 

c 

18 

23 

db 7 

c 

19 

22 

(OV)V ss 

c 

20 

21 


V CC ( + 5V) 
T, 

P*7 

P M 

P« 

P» 

P,7 
^16 
P,S 
P,4 
P, 3 
P 12 
P„ 

P.0 

V DD (+5V) 

PROG 

P» 

P» 

P*. 

P» 


W M (Power Supply) 

Orcurt GND potential 

Voo (Power Supply) 

+ 5V during operation Low power standby pin 

V cc (Power Supply) 

+ 5V during operation 

PROG (Output) 

Control signal for I/O expander. 

P,o - P, 7 (Input/ Output) 

B-tMt quasi-twdirect tonal port (Internal Pullup *»6Qkfl) 

P w ~ p *7 (Input/ Output) 

8-bil quasi-directional port (Internal Pullup «-50kO) 


P w - P n contain the four high order program counter bits 
during an external program memory fetch and serve as a 

4-brt I/O expander bus. 

DB 0 - DB 7 

(Input/Output, 3-State) 

True bidirectional port which can be written 

or read synchronously using the RD, WR strobes. The port 

can also be statically latched. 


Contains the 8 low order program counter bits during an ex- 
ternal program memory tetch, and receives the addressed 
instruction under the control of PSEN Also contains the 
address and data during an external RAM data store instruc- 
tion under control of ALE, RD, and WR 

T 0 (Input/Output) 

Input pin testable using the conditional transfer instructions 

JTO and JNTO T 0 can be designated as a clock outpul'using 
EMTO CLK instruction. T e is also used during programming 

T, (Input) 

Input pin testable using the JT,, and JNT, instructions Can 
be designated the event counter input using the STRT CNT 
instruction. 

"iNT (Input) 

External interrupt input This is level interrupt signal, there- 
fore INT has to be kept at low level until the interrupt request 
is accepted. INT also functions as a test flag for the condi- 
tional jump. 

"RD (Output) 

Strobe signal for read when external area is accessed. 

(active low) 

WR (Output) 

Strobe signal for write when external data area is accessed, 
(active low) 

RESET (Input) 

Reset input. RESET is active with low level to perform the ini- 
tialization of chip, and when high level is applied the program 
starts from address 0. 

ALE (Output) 

Address Latch Enable This signal occurs once during each 
cycle and is useful as a dock output 


The negative edge of ALE strobes address into external data 
and program memory. 

"PSEN (output) 

Program Store Enable This output occurs only during a fetch 
to external program memory, (active low) 

SS (Input) 

Sinale step input (active low) When low level is applied. CPU 
is placed m the WAIT state after completing the execution of 
currently being executed instruction 


In this case ALE is held at the high level and when the exter- 
nal program area is accessed, the address executed next is 
output on DB, through DB, and P w through P„ 

EA (Input) 

External address designation input When +5 voft level is 
applied, the internal program is disabled and the external 
program is accessed from address O. EA is also used for 
designating the verify (read) mode of the internal program by 
applying + 12 volt level 

XTAL, (Input) 

One side of crystal input for internal oscillator. Also input for 
external source 

XTAL, (Input) 

Other side of crystal input. Also input for external source. 

(Both XTAL, and XTAL, should be driven with a push-pull 
source.) 






STANDARD MICROSYSTEMS 
roRPORArmg 


35 Marcus Btal, Hauppaygs, NY. 11788 
(516)273-3100 TWX- 510-227-8898 


We Seep ahead of our competition so kw can keep ahead of youra 


CRT 9007 



CRT Video Processor and Controller 

VPAC™ 


FEATURES 

□ Fully Programmable Display Format 

Characters per Data Row (8-240) 

Data Rows per Frame (2-256) 

Raster Scans per Data Row (1-32) 

□ Programmable Monitor Sync Format 

Raster Scans/Frame (4-2048) 

Front Porch — Horizontal (Negative or Positive) 

— Vertical 

Sync Width — Horizontal (1-128 Character Times) 

— Vertical (2-256 Scan Lines) 

Back Porch — Horizontal 
— Vertical 

□ Direct Outputs to CRT Monitor 

Horizontal Sync 
Vertical Sync 
Composite Sync 
Composite Blanking 
Cursor Coincidence 

□ Binary Addressing of Video Memory 

□ Row-Table Driven or Sequential Video Addressing Modes 

□ Programmable Status Row Position and Address Registers 

□ Bidirectional Partial or Full Page Smooth Scroll 

□ Attribute Assemble Mode 

□ Double Height Data Row Mode 

□ Double Width Data Row Mode 

□ Programmable DMA Burst Mode 

□ Configurable with a Variety of Memory Contention 
Arrangements 

□ Light Pen Register 

□ Cursor Horizontal and Vertical Position Registers 

□ Maskable Processor Interrupt Line 

□ Internal Status Register 

□ Three-state Video Memory Address Bus 

□ Partial or Full Page Blank Capability 

□ Two Interface Modes: Enhanced Video and Alternate 
Scan Line 


PIN CONFIGURATION 



— \Ur~~~ 


VA2 1 r 


3 40GND 

VA10 2 C 


D 39VA9 

VA3 3 C 


2 38VA1 

VA11 4 C 


2 37VA8 

VA12 5 n 


2 36VA0 

VA4 6 C 


3 35 CBLANK 

VA13 7 C 


3 34 CURS 

VA5 8 C 


2 33ACK/TSC 

VA6 9 3 




3 32 CSYRC/lpstb 

VA7. 1 0 C 




3 31 SLD/SL0 

VLT11 C 




3 30 5DS/SL1 

/ VS12C 




3 29 WBEN/SL2/CSYNC 

HS 13 [ 


3 28 DMAR/SL3WBLANK 

(XEK 14 C 


1 27INT 

nraisc 


3 26R5T 

VD7 1 6 C 


3 25CS 

VD617C 


3 24 VD0 

VD518C 


3 23VD1 

VD419 C 


3 22VD2 

VD320 C 

L 

3 21 + 5V 

P/ 

^CKAGES 40-pin DIP 


□ Ability to Delay Cursor and Blanking with respect to 
Active Video 

□ Programmable for Horizontal Split Screen Applications 

□ Graphics Compatible 

□ Ability to Externally Sync each Raster Line, each Field 

□ Single +5 Volt Power Supply 

□ TTL Compatible on All Inputs and Outputs 

□ VT-100 Compatible 

□ RS-170 Interlaced Composite Sync Available 


GENERAL DESCRIPTION 


The CRT 9007 VPAC™ is a next generation video processor/ 
controller— an MOS LSI integrated circuit which supports either 
sequential or row-table driven memory addressing modes. As 
indicated by the features above, the VPAC™ provides the user 
with a wide range of programmable features permitting tow cost 
implementation of high performance CRT systems. Its 14 address 
lines can directly address up to 16K of video memory. This is 
equivalent to eight pages of an 80 character by 24 line CRT dis- 
play. Smooth or jump scroll operations may be performed any- 
where within the addressable memory. In addition, status rows 
can be defined anywhere on the screen, 
i the sequential video addressing mode, a Table Start Register 
points to the address of the first character of the first data row on 
the screen. It can be easily changed to produce a scrolling effect 
on the screen. By using this register in conjunction with two aux- 
iliary address registers and two sequential break registers, a screen 
roll can be produced with a stable status row held at either the first 
or last data row position. 


In the row-table driven video addressing mode, each row in the 
video display is designated by its own address. This provides the 
user with greater flexibility than sequential addressing since the 
rows of characters are linked by pointers instead of residing in 
sequential memory locations. Operations such as data row 
insertion, deletion, and replication are easily accomplished by 
manipulating pointers instead of entire lines. The row table itself 
can be stored in memory in a linked list or in a contiguous format. 
The VPAC™ works with a variety of memory contention schemes 
Including operation with a Single Row Buffer such as the CRT 9006, 
a Double Row Buffer such as the CRT 921 2, or no buffer at all, in 
which case character addresses are output during each display- 
able scan line. 

User accessable internal registers provide such features as light 
pen, interrupt enabling, cursor addressing, and VPAC™ status. 
Ten of these registers are used for screen formatting with the abi- 
lity to define over 200 characters per data row and up to 256 data 
rows per frame. These 10 registers contain the “vital screen 
parameters”. 




FIGURE 1 : CRT 9007 BLOCK DIAGRAM 


DESCRIPTION OF PIN FUNCTIONS 

PROCESSOR INTERFACE: 


PIN NO. 

NAME 

SYMBOL 

FUNCTION 

7, 5, 4, 2, 39, 
37,10, 9,8, 6, 
3,1,38,36 

Video Address 
13-0 

VA13-VA0 

These 14 signals are the binary address presented to the video memory by the CRT 9007. 

The function depends on the particular CRT 9007 mode of operation. VA13-6 are outputs 
only. VA5-0 are bidirectional. 

—Double Row Buffer Configuration: 

VA13-0 are active outputs for the DMA operations and are in their high impedance state at 
all other times. 

— Single Row Buffer Configuration: 

VA13-0 are active outputs during the first scan line of each data row and are in their high 
impedance state at all other times. 

—Repetitive Memory Addressing Configuration: 

VA13-0 are active outputs at all times except during horizontal and vertical retrace at which 
time they are in their high impedance state. 

If row table addressing is used for either single row buffer or repetitive memory addressing 
modes, VA13-0 are active outputs during the horizontal retrace at each data row boundary to 
allow the CRT 9007 to retrieve the row table address. For processor read/write operations 
VA5-0 are inputs that select the appropriate internal register. 

16, 17,18,19, 
20, 22, 23, 24 

Video Data 7-0 

VD7-VD0 

Bidirectional video data bus: during processor Read/write operations data is transferred via 
VD7-VP0 when chip strobe (C§) is active. These lines are in their high impedance state 
when CS is inactive. During CRT 9007 DMA operations, data from video memory is input via 
VD7-VD0 when a new row table address is being retrieved or when the attribute latch is being 
updated in the attribute assemble mode. VD7-VD0 are outputs when the external row buffer 
is updated with a new attribute in the attribute assemble mode. 

25 

Chip strobe 

cs 

Input; this signal when active low, allows the processor to read or write internal CRT 9007 
registers. When reading from an internal CRT 9007 register, the chip strobe (CS) enables the 
output drivers. When writing to an internal CRT 9007 register, the trailing edge or this signal 
latches the incoming data. Figure 2 shows all processor read/write timing. 

26 

Reset 

RST 

Input; this active low signalputs the CRT 9007 info a known, inactive state and insures 
that the horizontal sync (HS) output is inactive. Activating this input has the same effect as a 
RESET command. After initialization, a START command causes normal CRT 9007 opera- 
tion. See processor addressable registers section, Register 16 for the reset state definition. 

27 

Interrupt 

INT 

Output ; an interrupt to the processor from the CRT 9007 occurs when this signal is active 
high. The interrupt returns to its inactive low state when the status register is read. 
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DESCRIPTION OF PIN FUNCTIONS CONT’D 


CRT INTERFACE: 



NAME 

SYMBOL 

FUNCTION 

‘ 11- 

Visible Line Time 

VLT - 

Output; this signal is active high during all visible scan lines and durino the horizontal trace 
times at vertical retrace. This signal can be used to gate the character clock (CCER) when 
supplying data to a character generator from a single or double row buffer. 

12 

Vertical Sync 

VS 

Open drain output; this signal determines the vertical position of displayed text by initiating a 
vertical retrace. Its position and pulse width are user programmable. The open drain allows 
the vertical frame rate to be synchronized to the line frequency when using monitors with DC 
coupled vertical amplifiers. If the VS output is pulled active low externally before the CRT 

9007 itself initiates a vertical sync, the CRT 9007 will start its own vertical sync at the next 
leading edge of horizontal sync (HS) . 

13 

Horizontal Sync 

RS 

Open drain output; this signal determines the horizontal position of displayed text by initiating 
a horizontal retrace. Its position and pulse width are user programmable. During hardware 
and software reset, this signal is inactive high. The open drain allows the horizontal scan rate 
to be synchronized to an external source. If the HS output is pulled low externally before the 
CRT 9007 itself initiates a horizontal svnc. the CRT 9007 will start its own horizontal svnc on 
the next character clock (CCLK). 

14 

Character Clock 

CCLK 

Input; this signal defines the character rate of the screen and is used by the CRT 9007 for 
all internal timing. A minimum high voltage of 4.3V must be maintained for proper 
chip operation. 

15 

Data Row 
Boundary 

DRB 

Output; this signal is active low for one full scan line (from VLT trailing edge to VLT trailing 
edge) at the top scan line of each new data row. This signal can be used to swap buffers in 
the double row buffer mode. It indicates the particular horizontal retrace time that the CRT 

9007 outputs addresses (VA13-VA0) for single row buffer operation. 

34 

Cursor 

CURS 

Output; this signal marks the cursor position on the screen as specified by the horizontal and 
vertical cursor registers. The signal is active for one character time at the particular character 
position for all scan lines within the data row. For double heiaht or width characters, this sia- 
nal is active for 2 consecutive CCLK's in every scan line within the data row. For double 
height characters, this signal can be programmed to be active at the proper position for 2 
consecutive data rows. 

CURS is also used to signal either a double height or double width data row by becoming 
active during the horizontal retrace (CBLANK active) prior to a double height or double width 
scan line. The time of activation and deactivation is a function of the addressing mode, buffer 
configuration and the scan line number. See section of Double height/width for details. 

35 

Composite Blank 

CBLANK 

Output. This signal when active high, indicates that a retrace (either horizontal or vertical) will 
be performed. The signal remains active for the entire retrace interval as programmed. It is 
used to blank the video to a CRT. 


USER SELECTABLE PINS: (see Tables 4 and 5) 



NAME 

SYMBOL 

Scan Line 3- 
Scan Line 0 

SL3-SL0 

Direct Memory 
Access Request 

DMAR 

Vertical Blank 

■in 

Write Buffer 

Enable 


Composite Sync 

CSYNC 

Scan Line Gate 

SLG 

Scan Line Data 

SLD 


Light Pen Strobe 


Acknowledge 


Three State 
Control 



FUNCTION 

Output; these 4 signals are the direct scan line counter outputs, in binary form, that indicate 
to the character generator the current scan line. These signals continue to be updated 
during the vertical retrace interval. SL3 and SL0 are the most and least significant 
bits respectively. 

Output; this signal is the DMA request issued by the CRT 9007. It will only become active if 
the acknowledge (ACK) input is inactive. It remains active high throughout the entire 
DMA operation. 


Output; this signal is active high only during the vertical retrace period. 


Output; this active high signal is used to gate the clock feeding the write buffer in a double 
row buffer configuration. 


Output; this signal provides a true RS-170 composite sync waveform with equalization pulses 
and vert ical serrations in both interlace and noninterlace formats. Figure 3 illustrates the 
CSYNC output in both interlaced and noninterlaced formats. 


Output; this active low signal is used as a clock gate. It captures the correct 5 or 6 CCLK’s 
and, in conjunction with SLD (pin 31), allows scan line information to be loaded serially into 
an external shift register. 


Output; this signal allows one to load an external shift register with the current scan li ne 
count. Th e coun t is presented least significant to most significant bit during the 5 or 6 CCLK’s 
framed by SLG. With this form of scan line representation, it is possible to define up to 32 
scan lines per data row. 

The external shift register must be at least 5 bits in length. Even though 6 shifts can occur 
one should only use the 5 last bits shifted to define the scan line count. The extra shift occurs 
in interlace or double height character mode to allow the scan line count to be adjusted to its 
proper value. Figures 4 and 5 illustrate the serial scan line timing. 

Input; this signal strobes the current row/column position into the light pen register at its posi- 
tive transition. 

Input; this active high signal acknowledges a DMA request. It indicates that the processor 
bus has entered its high impedance state and the CRT 9007 may access video memory. It is 
not recommended to deactivate this signal during a CRT 9007 DMA c^de because the CRT 
9007 will not shut down in a predictable amount of time. 

Input; this signal, when active low, places VA13-VA0 in their high impedance state. 




































OPERATION MODES 


Single Row Buffer Operation 

The CRT 9007 configured with a CRT 9006 Single Row 
Buffer is shown in figure 6. The use of the CRT 9006 Single 
Row Buffer requires that the buffer be loaded at the video 
painting rate during the top scan line of each data row. How- 
ever, after the CRT 9006 is loaded, the CRT 9007 address 
lines enter their high impedance state for the remaining N- 
1 scan lines of the data row, thereby permitting full proces- 


sor access to memory during these scan lines. The per- 
centage of total memory cycles available to the processor 
is approximately [(N-1 )/N] x 100 where N is the total num- 
ber of scan lines per data row. For a typical system with 12 
scan lines per data row this percentage is 92%. Figure 7 
illustrates typical timing for the CRT 9007 used with the CRT 
9006 Single Row Buffer. 



FIGURE 6: CRT 9007 CONFIGURATION WITH SINGLE ROW BUFFER 


HS 







FIGURE 7: CRT 9007 SINGLE ROW BUFFER TIMING (32 CHARACTERS PER DATA ROW) 


4 




Double Row Buffer Operation 

Figure 8 shows the CRT 9007 used in conjunction with a 
CRT 9212 Double Row Buffer. The Double Row Buffer has 
a read buffer which is read at the painting rate of the CRT 
during each scan line in the data row. While the read buffer 
is being read and supplying data to the character generator 
for the current displayed data row, the write buffer is being 
loaded with the next data row to be displayed. This 
arrangement allows for relaxed write timing to the write buffer 
as it may be filled in the time it takes for N scan lines on the 
CRT to be painted where N is the number of scan lines per 
data row. Used in this configuration, the CRT 9007 takes 
advantage of the relaxed write buffer timing by stealing 
memory cycles from the processor to fill the write buffer 
(Direct memory access operation). The CRT 9007 sends 
the DMAR (DMA request) signal, awaits an ACK (acknowl- 
edge) signal and then drives out on VA13-VA0 the address 
at which the next video data resides. The CRT 9007 then 
activates the WBEN (write buffer enable) signal to write the 
data into the buffer. If for example there are 80 characters 
per data row, the CRT 9007 performs 80 DMA operations. 
The user has the ability to program the number of DMA cycles 
performed during each DMAR-ACK sequence, as well as 


the delay between each DMAR-ACK sequence, via the DMA 
CONTROL REGISTER (RA). If 8 DMA operations are 
performed for each ACK received, 10 such DMAR-ACK 
sequences must be performed to completely fill the write 
buffer. The programmed delay allows the user to evenly 
distribute the DMA operations so as not to hold up the pro- 
cessor for an excessive length of time. This feature also 
permits other DMA devices to be used and allows the pro- 
cessor to respond to real time events. In addition, the user 
has the ability to disable the CRT 9QP7 DMA mechanism. 
Figure 9 illustrates typical timing for the CRT 9007 used with 
the CRT 9212 Double Row Buffer. 

Since the CRT 9212 Doubl e Row Buffer ha s separate inputs 
for read and write clocks (RCLK, WCLK), it is possible to 
display proportional character widths (variable number of 
dots per character) by reading out the buffer at a character 
clock rate determined by the particular character. The writ- 
ing of the buffer can be clocked from a different and con- 
stant character dock. Figure 10 illustrates the CRT 9007 
used with two double row buffers and a CRT 9021 Video 
Attributes Controller chip to provide proportional character 
display. 



FIGURE 8: CRT 9007 CONFIGURATION WITH DOUBLE ROW BUFFER 














Repetitive Memory Addressing Operation 

In this operation mode, the CRT 9007 will repeat the 
sequence of video addresses for every scan line of every 
data row. The CRT 9007 address bus will enter its high 
impedance state during all horizontal retrace intervals 
(except the retrace interval at a data row boundary if the 
CRT 9007 is configured in a row driven addressing mode). 
This arrangement allows for such low end contention 
schemes as retrace intervention (the processor is only 
allowed access to video memory during retrace intervals) 


and processor priority (the processor has an unlimited 
access to video memory). A high end contention scheme 
can be employed which uses a double speed memory such 
that in a single character period both the processor and the 
CRT 9007 are permitted access to video memory at pre- 
determined time slots. Figure 1 1 illustrates the CRT 9007 
configured with a double speed memory. Typical timing for 
this mode is illustrated in figure 12. 
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FIGURE 1 1 : CRT 9007 CONFIGURATION WITH DOUBLE SPEED MEMORY 














Attribute Assemble Operation 

This configuration allows the user to retain an 8 bit wide video 
memory in which attributes occupy memory locations but 
not positions on the CRT. This mode assumes that every 
other display position in video memory contains an attn- 
bute. During one clock cycle, attribute data is latched into 
the CRT 9007; during the next clock cycle a character loca- 
tion is addressed. The attribute data is driven out along with 
a WBEN signal allowing the character plus its associated 
attribute to be written simultaneously to two 8 bit double row 
buffers. Figure 13 illustrates the memory organization used 
for the Attribute Assemble mode. The first entry in each data 
row must begin with an attribute. 

Figure 14 shows the CRT 9007 configured in the Attribute 
Assemble mode used with two CRT 9212 Double Row 
Buffers and 8, 16Kx1 dynamic RAMS. This mode, since it 
retains an 8 bit wide memory while providing all the advan- 
tages of a 16 bit wide memory, lends itself to some cost 
effective designs using dynamic RAMS. The CRT 9007 will 
refresh dynamic RAMS because twice the number of the 
programmed characters per data row are accessed 
sequentially for each data row.* Figure 15 illustrates typical 
timing of the CRT 9007 used in the Attribute Assemble mode. 


Memory Address (typ) Memory Data (8 bits) 

ODDO 

AttHbuteO 


0001 

Character 0 


0D02 

Attribute 1 


0003 

Character 1 


0 

0 


0 

0 


0 

0 


2N 

Attribute N , 


2N + 1 

Character N 


Figure 13: Attribute Assemble Memory Organization 


“Note : For 50 Hz operation there usually is about 3 milliseconds extra vertical blanking where refreshing might fail. In this situation the 
CRT 9007 can be programmed with about 5 more "dummy” data rows while extending the vertical blank signal. This allows 
the CRT 9007 to start addressing video memory much earlier within the vertical blanking interval and hence provide refresh to 
the dynamic RAMS. When displaying double height or double width data rows, only half as many sequential locations are 
accessed each data row and dynamic RAM refresh might fail. 



FIGURE 14: CRT 9007 CONFIGURATION FOR ATTRIBUTE ASSEMBLE MODE 
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Smooth Scroll Operation 

Smooth scroll requires that all or a portion of the screen move 
up or down an integral number of scan lines at a time. 2 user 
programmable registers allow one to define the “start data 
row Yl and the “end data row” for the smooth scroll opera- 
tion. A SMOOTH SCROLL OFFSET REGISTER (R17), 
when used in conjunction with a CRT 9007 vertically timed 
interrupt, allows the user to synchronize the update of the 
offset register to the vertical frame rate. The offset register 
causes the scan ine counter outputs of the CRT 9007 to 
start at the programmed offset value rather than zero for 


the data row that starts the smooth scroll interval. To allow 
complete flexibility in smooth scroll direction and rate, one 
can update the offset register in the positive as well as neg- 
ative direction and can also offset any number of scan lines 
each frame. Since a smooth scroll can momentarily result 
in a partial data row consisting of one scan line, the loading 
of the write buffer under DMA operations for the start and 
end data row of the smooth scroll operation is forced to occur 
in one scan line. This condition ovenjdes the programma- 
ble DMA CONTROL REGISTER (RA). 







ADDRESSING MODES 


Row Table Addressing 

In this addressing mode, each data row in video memory is 
designated by its own starting address. This provides greater 
flexibility with respect to screen operations than with other 
addressing schemes used by previous CRT controllers. The 
row table, which is a list of starting addresses for each data 
row, can be configured in one of 2 ways. The choice of row 
table format is highly dependent upon the particular appli- 
cation and the programmer’s preference since each format 
allows full utilization of the CRT 9007 features. 

Contiguous Row Table Format 

In this format, the TABLE START REGISTER (RC and RD) 
points to the address where the row table begins. The con- 
tents of the first 2 locations define the starting address of 
the first data row. These 2 bytes define a 14 bit address where 
the first byte is the low order 8 bits and the second byte is 
the high order 6 bits. The 2 most significant bits of the sec- 
ond byte define double height/width characteristics to the 
current data row. The contents of the third and fourth loca- 
tions define the address where the second data row begins. 
Figure 16 illustrates the contiguous row table organization 
in video memory. 

Linked List Row Table Format 

In this format the TABLE START REGISTER (RC and RD) 
points to the memory location which starts the entire 
addressing sequence into operation. The first byte read is 
the lower 8 bits and the second byte read is the upper 6 bits 
of the next data row’s start address. The 2 most significant 
bits of the second byte define double height/width charac- 
teristics for the data row about to be read. The third, fourth, 
fifth, etc., bytes read are the first, second, third, etc., char- 
acters of the current data row. Figure 17 illustrates the linked 
list row table organization in video memory. 




Sequential Addressing 

In this addressing mode, characters on the display screen 
are located in successive memory locations. The TABLE 
START REGISTER (RC and RD) points to the address of 
the first character of the first data row on the screen. In this 
mode the TABLE START REGISTER does not point to the 
start of a table but the start of the screen . As each character 
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is read by the CRT 9007 for display refresh, the internal video 
address register is incremented by one to access the next 
character. 

For more versatile systems operation in the sequential 
addressing mode, SEQUENTIAL BREAK REGISTER 1 
(RIO) and SEQUENTIAL BREAK REGISTER 2 (R12) may 
be used to define the data rows at which two additional 



sequential display areas begin. Note that DATA ROW END 
REGISTER (R12) is defined as SEQUENTIAL BREAK 
REGISTER 2 (R12) for the sequential addressing mode only. 
The starting addresses for these two additional display areas 
are defined by AUXILIARY ADDRESS REGISTER 1 (RE 
and RF) and AUXILIARY ADDRESS REGISTER 2 (R13 and 
R14). When the raster begins painting a data row equal to 
the number programmed in one of the sequential break 
registers, the CRT 9007 addresses the video memory 
sequentially starting with the address specified by the cor- 
responding auxiliary address register. Figure 18 illustrates 
a display with 80 characters per data row having sequential 
breaks at data rows 3 and 6. 

Using the sequential addressing mode with 2 breaks, it is 
possible to roll a portion of the screen and keep the rest of 
the screen stable. Double height/width characteristics can 
be attached to the 2 sequentially addressed screens defined 
by SEQUENTIAL BREAK REGISTERS 1 and 2 by using the 
2 most significant bits of AUXILIARY ADDRESS REGIS- 
TERS 1 and 2. See the description of these 2 registers for 
their bit definition. 


Double Height/Width Operation 

When double height/width characters (2XH/2XW) are dis- 
played, the following will occur: 

1 . the CRT 9007 will address half as many characters for 
each data row by incrementing its address every other 
character clock. 

2. the high speed video shift register supplying serial video 
to the CRT must shift out dots at half frequency. 

3. For do uble h eight, the scan line counter outputs (SL3- 
SLO or SLG, SLD) are incremented every other scan 
line. 

The CRT 9007 is informed of the double height or double 
width display modes via the 2 most significant bits of the 
row table address or the 2 most significant bits of the AUX- 
ILIARY ADDRESS registers depending on the selected 
addressing mode. In any case, once the information is 
obtained by the CRT 9007, it must initiate the 3 tasks listed 
above. Tasks 1 and 3 are performed as appropriate and task 
2 is performed using the CURS output of the CRT 9007 dur- 
ing CBLANK (horizontal retrace) to signal the external logic 
that a change in the dot shift frequency is required. The exact 
time of activation and deactivation of the CURS signal dur- 
ing horizontal retrace is a function of addressing mode, 
operation mode and actual scan line number to be painted. 
Tables 1 and 2 show the cursor activation and deactivation 
times as a function of the buffer configuration and address- 
ing mode for the top scan line of a new data row. Tables 1 
and 2 assume a cursor skew of zero. A cursor skew will effect 
the cursor position during trace as well as retrace time. For 
all sub sequent scan lines, the CURS signal is activated 3 
C CLK’s after VLT trailing edge and stays active for exactly 
1 CCLK assuming no cursor skew. When the cursor is placed 
on a double height or double width data row, it will become 
active for 2 CCLK's to allow the cursor to be displayed as 
double width. If the cursor position is programmed to reside 


OPERATION 

MODE 

ADDRESSING MODE ! 

Row Driven (linked list 
or contiguous) 

Sequential 

Repetitive Memory 
Addressing 

Single row buffer 

Double row buffer 

1 CCLK after high byte 
of row table read 

1 CCLK after high byte 
of row table read 

1 CCLK after high byte 
of row table read 

1 CCLK after TSC 
leading edge 

1 CCLK after TSC 
leading edge * 

1 CCLK after ACK 
leading edge 


Table 1: Double Height/Width CURS activation for top scan 
line of new data row. 


TABLE START REGISTER = 1000 

AUXILIARY ADDRESS REGISTER 1 = 2000 

AUXILIARY ADDRESS REGISTER 2 = 0800 

SEQUENTIAL BREAK REGISTER 1 = 3 

SEQUENTIAL BREAK REGISTER 2 = 6 

Data Row 

Address range 

0 

1000 to 104 F 

1 

1 050 to 1 09F 

2 

1OA0 to 10EF 

3 

2000 to 204 F (Break 1) 

4 

2050 to 209F 

5 

2OA0 to 20EF 

6 

0800 to 084F (Break 2) 

7 

0850 to 089F 

8 

O8A0 to 08EF 


o 


o 


o 

Figure 18: Se 

quential Addressing Example 

With Two Breaks 


in the top half of a double height data row, it may become 
active for all scan lines in both the current and next data row 
to allow the cursor to be displayed as double height. 

For row driven addressing, a particular data row or pair of 
data rows can appear in one of the following ways as a 
function of the two most significant bits of the row table 
address (bits 15 and 14). 

— Single height, single width (Row table address bits 15, 
14 = 00). The CRT 9007 will display the particular data 
row as single height, single width. 

— Single height, double width (Row table address bits 15, 
14 = 01). The CRT 9007 will display the particular data 
row as single height double width by accessing half as 
many characters as appear in a single width data row. 
The CURS signal becomes active during horizontal 
retrace in the manner described previously. 

— Double height, double width top half (Row table address 
bits 15, 14 = 10). In addition to providing the special tim- . 
ing associated with single height double width data rows, 
the scan line counter is started from zero and incre- 
mented every other scan line until N scan lines are painted 
(N is the number of scan lines per single height data row). 
In this way, new dot information appears every other scan 
line and the top half of the data row appears in N scan 
lines. 

— Double Height, Double Width Bottom Half (Row table 
address bits 15, 14 = 11) — Same as Double Height, 
Double Width Top except the scan line counter is started 
from N/2 (or (N-1 )/2 if N is odd), and incremented every 
other scan line until N scan lines are painted. In single 
row buffer operation, a double height bottom data row 
can never stand alone and is assumed to follow a double 
height top data row. 


OPERATION 

MODE 

ADDRESSING MODE ] 

Row driven (linked list 
or contiguous) 

Sequential 

Repetitive Memory 
Addressing 

Single row buffer 

Double row buffer 

at the leading edge of 
VLT 

at the leading edge of 
VLT 

1 CCLK after leading 
edge of CURS 

at the leading edge of 
VLT 

at the leading edge of 
VLT 

1 CCLK after leading 
edge of CURS 


Table 2: Double Height/Width CURS deactivation for top scan 
line of new data row. 


11 













PROCESSOR ADDRESSABLE REGISTERS 


All CRT 9007 registers are selected by specifying the 
address on VA5-0 and asserting CS. All 14 bit registers are 
written or read as two consecutive 8 bit registers addressed 
low byte first. Only the VERTICAL CURSOR REGISTER 
and the HORIZONTAL CURSOR REGISTER are read/write 
registers with 2 different addresses for read or write oper- 
ations. The register address assigned to each register rep- 
resents the actual address in hexadecimal form that must 
appear on VA5-0. Figure 2 illustrates all processor to CRT 
9007 register timing. Tables 3a, 3b, and 3c summarize all 
registerbits and provide register addresses. 

HORIZONTAL TIMING REGISTERS 

The following 4 registers define the horizontal timing 
parameters. Figure 19 relates the horizontal timing to these 
registers. 

CHARACTERS PER HORIZONTAL PERIOD (RO) 

This 8 bit write only register, programmed in units of char- 
acter times, represents the total number of characters in 
the horizontal period (trace plus retrace time). This register 
is programmed with the binary number N where N is the 
total characters in the horizontal period. The horizontal period 
should not be programmed for less than 12 characters. 

CHARACTERS PER DATA ROW (R1) 

This 8 bit write only register, programmed in units of char- 


acter times, represents the number of displayable charac- 
ters during the horizontal trace interval. The difference RO 
minus R 1 represents the number of character times reserved 
for horizontal retrace. This register is programmed with the 
binary number (N-1 ) where N is the displayable characters 
per data row. 

HORIZONTAL DELAY (R2) 

This 8 bit write only register, programmed in units of char- 
acter times, represents the time between the leading edge 
of horizontal sync and leading edge of VLT. This register is 
programmed with N where N represents the time of hori- 
zontal delay. By programming this time greater than the 
horizontal blank interval, one can obtain negative front porch 
(horizontal sync begins before the horizontal blank interval). 

HORIZONTAL SYNC WIDTH (R3) 

This 8 bit write only register defines the horizontal sync width 
in units of character times. The start of the sync pulse is 
defined by the HORIZONTAL DELAY REGISTER and the 
end is independent of the start of the active display time. 
This register is programmed with N where N is the horizon- 
tal sync width. However this register must be programmed 
less than or equal to [(A/2)-1| where A is the programmed 
contents of REGISTER 0 rounded to the smallest even 
integer. 


VERTICAL TIMING REGISTERS 

The following 5 registers define the vertical timing param- 
eters. Figure 20 relates the vertical timing to these regis- 
ters. 

VERTICAL SYNC WIDTH (R4) 

This 8 bit write only register defines the vertical sync width 
in units of horizontal periods. The start of this signal is defined 
by the delay register (R5) and the end is independent of 
the start of the active display time. This register is pro- 
grammed with N where N is the vertical SYNC width. 

VERTICAL DELAY (R5) 

This 8 bit write only register, programmed in units of hori- 
zontal periods, represents the time between the leading edge 
of vertical sync and the leading edge of the first VLT after 
the vertical retrace interval. This register is programmed with 
(N-1) where N represents the time of the vertical delay. 

VISIBLE DATA ROWS PER FRAME (R7) 

This 8 bit write only register defines the number of data rows 


VLT 

ONE SCAN LINE— 

■+ R1 — ► 

-rf - DA 

— — — 

-<-(R0-R1)— ► 



|-*-R2-*» 

ACTIVE DISPLAY TIME 

r 

L 

HOR. SYNC 


-*—R3— ► 

FIGURE 19: CRT 9007 HORIZONTAL TIMING 



displayed on the screen. This register is programmed with 
(N-1 ) where N is the number of data rows displayed. 

SCAN LINES PER DATA ROW (R8) 

The 5 LSBs of this write only register define the number of 
scan lines per data row. These 5 bits are programmed with 
(N-1) where N is the number of scan lines per data row. When 
programming for scan lines per data ro w gre ater than 16, 
only the serial scan line pin option (SLD, SLG) can be used. 

SCAN LINES PER VERTICAL PERIOD (R8; R9) 

Registers R9 and the 3 most significant bits of R8 define 
the number of scan lines for the entire frame. R8 contains 
the 3 most significant bits of the 1 1 bit programmed value 
and R9 contains the 8 least significant bits of the 1 1 bit pro- 
grammed value. The 1 1 bits are programmed with N where 
N is the number of scan lines per frame. In the 2 interlace 
modes, the programmed value represents the number of 
scan lines per field. 
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FIGURE 20: CRT 9007 VERTICAL TIMING 


PIN CONFIGURATION/SKEW BITS REGISTER (R6) 

This 8 bit write only register is used to select certain pin 
configurations and to skew (delay) the cursor and the blank 
signals independently with respect to the video signal sent 
to the monitor. The bits take on the following definition: 

Bit 7, 6 (Pin Configuration) 

These 2 bits, as illustrated in tables 4 and 5, define all pinout 
configurations as a function of double row buffer mode and 
non double row buffer mode. (The buffer mode is defined 
in the CONTROL REGISTER bits 3, 2, and 1 .) The attribute 
assemble mode is assumed to be a double row buffer mode 
and obeys table 4. 

Bits 5, 4, 3 (Cursor skew) 

These three bits define the number of character clocks the 
cursor signal is skewed (delayed) from the VLT signal. The 


VLT signal is active for all characters within a data row and 
a non skewed cursor will always become active within the 
active VLT time at the designated position. The cursor can 
be skewed from 0 to 5 character clocks (Bits 5, 4 and 3 pro- 
grammed from 000 to 101, bit 5 is the most significant bit; 
bit 3 is the least significant bit). For double height/width data 
rows, the cursor signal appearing during horizontal retrace 
is also skewed as programmed. 

Bits 2, 1, 0 (Blank skew) 

These three bits define the number of character clocks the 
horizontal blank component of the CBLANK signal is skewed 
(delayed) from the VLT signal. The edges of VLT will line up 
exactly with the edges of the horizontal component of the 
CBLANK signal if no skew is programmed. The CBLANK 
can be skewed from 0 to 5 character clocks (Bits 2, 1 and 0 
programmed from 000 to 101, bit 2 is the most significant 
bit; bit 0 is the least significant bit). 


REGISTER R6 BITS 

CRT 9007 PIN NUMBER 

7 6 

28 29 30 31 32 33 

0 1 

1 1 

DMAR WBEN SLG SLD CSYNC ACK 
DMAR WBEN SLG SLD LPSTB ACK 

0 0 

1 0 

NOT PERMITTED 

NOT PERMITTED 


Table 4: Pin configuration for double row buffer and attribute 
assemble modes. 


DMA CONTROL REGISTER (RA) 

This 8 bit write only register allows the user to set up a DMA 
burst count and delay as well as disable the DMA mecha- 
nism of the CRT 9007. The register bits have the following 
definition: 

Bit 7 (DMA Disable) 

A logic one will immediately force the CRT 9007 DMA request 
to the inactive level and the CRT 9007 address bus (VA13- 
VAO) will enter its high impedance state. After enabling the 
DMA mechanism by setting this bit to a logic zero, a start 
command must be issued (see START COMMAND, R15). 

Bits 6, 5, 4 (DMA Burst Delay) 

These 3 bits define the number of clock delays (CCLK) 
between successive DMAR-ACK sequences. Bit 6 is the 
most and bit 4 is the least significant bit respectively. When 
programmed with a number N, the CRT 9007 will delay for 
4 (N + 1) clock cycles before initiating another DMA .request. 
If lit is programmed, however, this will result in a zero delay 
allowing all characters to be retrieved from video RAM in 
one DMA burst regardless of the value programmed for the 
DMA burst count. 

Bits 3, 2, 1, 0 (DMA Burst Count) 


REGISTER 6 

BITS 

CRT 9007 PIN NUMBER 

7 

6 

28 

29 

30 31 32 

33 

0 

0 

SL3 

SL2 

SL1 SLO CSYNC 

TSC 

1 

0 

SL3 

SL2 

SL1 SLO LPSTB 

TSC 

1 

1 

VBLANK 

CSYNC 5E5SLD LPSTB 

TSC 

0 

1 

NOT PERMITTED 


Table 5: Pin configuration for Single Row Buffer and Repetitive 
Memory Addressing Modes. 


These 4 bits define the number of DMA operations in one 
DMAR-ACK sequence. Bit 3 is the piost and bit 0 is the least 
significant bit respectively. When programmed with a num- 
ber N, the CRT 9007 will produce 4 (N + 1 ) DMA cycles before 
relinquishing the bus. When programmed with 0000, the 
minimum DMA Burst will occur (4x1=4) and when pro- 
grammed with 1111 the maximum DMA Burst will occur 
(4x16 = 64). When bits 6, 5, and 4 are programmed with 
1 1 1 , no DMA delay will occur and the Burst count will equal 
the number of programmed characters per data row as 
specified in R1. Refer to figures 9 and 15 which illustrate a 
DMA burst of 1 6 and a DMA delay of 8 for double row buffer 
and attribute assemble modes respectively. For single row 
buffer operation, no DMA delay is permitted and bits 6, 5, 4 
must be programmed with 000. 

CONTROL REGISTER (RB) 

This 7 bit write only register controls certain frame opera- 
tions as well as specifying the operation mode used. Inter- 
nal to the CRT 9007, this register is double buffered. Changes 
in the register are reflected into the CRT 9007 at a particular 
time during vertical retrace. This allows the user to update 
the CONTROL REG ISTER at any time without running the 
risk of destroying the frame or field currently being painted. 
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The bits take on the following definition: 

Bit 6 (PB/SS) 

= 0; The smooth scroll mechanism is enabled per- 
mitting the SMOOTH SCROLL OFFSET REGIS- 
TER (R17) to be loaded in the scan line counter (SL3- 
0 or SLG, SLD signals) allowing for a scroll on the 
screen of a predetermined number of scan lines per 
frame or field. The starting and ending of the smooth 
scroll operation is defined by the DATA ROW START 
REGISTER (R11) and DATA ROW END REGIS- 
TER (R12) respectively. 

= 1 ; The page blank mechanism is enabled. The 
CBLANK signal is made active high for a continu- 
ous period of time starting and ending at the data 
row defined by the DATA ROW START REGISTER 
(R11) and DATA ROW END REGISTER (R12) 
respectively. 

Bits 5, 4 (Interlace) — these 2 bits define one of 3 displayed 
modes as illustrated in figure 21 

= 00; Non interlaced display 

= 10; Enhanced video interlace. This display mode will 
produce an interlaced frame with the same dot 
information painted in adjacent odd/even scan lines. 

= 11; Normal video interlace. This display mode will 
produce an interlaced frame with odd scan lines of 
characters displayed in odd fields and even scan 
lines displayed in even fields. This mode can be used 
to allow the screen to show twice as many data rows 
at half the height since it effectively doubles the 
character density on the screen. 

= 01 ; This combination is not permitted. , 

Bits 3, 2, 1 (Operation modes): These 3 bits define the var- 
ious buffer configuration modes as follows: 

= 000; (Repetitive memory addressing) — In this mode 
the address information (VA13-VA0) appears dur- 
ing every visible scan line and the address bus enters 
its high impedance state during all retrace intervals. 
When using a row driven addressing mode (linked 
list or contiguous), the address bus is in the high 
impedance state for all retrace intervals except the 
horizontal retrace interval prior to the top scan line 
of a new data row. This period can be distinguished 
from other retrace intervals because the DRB (data 
row boundary) signal is active. 

= 001 ; (Double row buffer) — In this mode, the CRT 
9007 will address a particular data row from video 
memory one data row prior to the time when it is 
d.isplayed on the CRT. During vertical retrace, the 
first data row is retrieved and loaded into the double 
row buffer. At the next data row boundary (in this 
case at the end of vertical retrace), the first data row 
feeds the character generator while the second data 


row is retrieved from video memory. The address 
bus will enter its high impedance state in accord- 
ance with the DMA mechanism for address bus 
arbitration. 

= 100; (Single row buffer) — In this mode, during the 
first scan line of each data row, the CRT 9007 will 
address video memory, load the buffer and feed the 
character generator at the painting rate of the CRT. 
If the CRT 9007 is used in a row driven addressing 
mode, it will drive the address.bus during the retrace 
period prior to the first scan line of each data row in 
order to retrieve the row table address. It will auto- 
matically enter the high impedance state at the end 
of the first visible scan line of each data row. If the 
CRT 9007 is used in a sequential addressing mode, 
it will drive the address bus only during the visible 
line time of the first scan line of each data row. 

= 111; (Attribute assemble) — In the attribute assem- 
ble mode, character data and attribute data are 
shared in consecutive alternating byte locations in 
memory. When the CRT 9007 reads an attribute byte, 
it loads it into its internal attribute latch. During the 
next memory access, a character byte is fetched. 
At this time the CRT 9007 isolates its bus from the 
main system bus and outputs the previously latched 
attribute. A WBEN signal is produced during every 
character byte fetch to allow the character and its 
associated attribute to be simultaneously latched into 
two double row buffers. This mode assumes that 
there exists twice as many byte locations as there 
are displayable character positions on the CRT. The 
first byte of every data row is assumed to be an 
attribute. 

All other combinations of the CONTROL REGIS- 
TER bits 3, 2, 1 are not permitted. 

Bit 0 (2XC/1 XC): This bit allows for either single or double 
height cursor display when the cursor is placed within a 
double height data row as follows: 

= 1 ; (Single height cursor) — The CURS signal will 
appear during every scan line for single height data 
rows and will appear only during the top half or bot- 
tom half of a double height data row depending upon 
where the VERTICAL CURSOR REGISTER (R18, 
R38) defines the CURSOR data row. 

= 0; (Double height cursor) — If the VERTICAL CUR- 
SOR REGISTER (R18, R38) places the cursor in 
the top half of a double height data row, the CURS 
signal will appear during every scan line of the top 
half (the current data row) and the bottom half (the 
next data row) of the double height data row. If the 
cursor is placed in the bottom half of a double height 
data row or if it is placed in a single height data row, 
the CURS signal will only appear during the one 
particular data row. 


CHARACTER 
SCAN LINE 
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e — e 
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(a) NON-INTERLACE 



Even 
Field 

(b) ENHANCED 

VIDEO INTERLACE 


Field 


(c) NORMAL VIDEO 
INTERLACE 


FIGURE 21 : CRT 9007 INTERLACE MODES 
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TABLE START REGISTER (RC AND RD) 

This 16 bit write only register contains a 14 bit address which 
is used in a variety of ways depending on the addressing 
mode chosen; the 2 remaining bits define the addressing 
mode. Register C contains the lower 8 bits of the 14 bit 
address. The 6 least significant bits of register D contain 
the upper 6 bits of the 1 4 bit address. The 2 most significant 
bits of register D define four addressing modes as follows: 

Register D bits 7, 6: 

= 00; (Sequential addressing mode) — The CRT 9007 
will address video memory in a sequential fashion 
starting with the 14 bit address contained in REG- 
ISTER D bits 5-0 and REGISTER C bits 7-0. One 
break is allowed in the sequential addressing scheme 
as defined by SEQUENTIAL BREAK REGISTER 1 
(RIO) and AUXILIARY ADDRESS REGISTER 1 (RE 
and RF). 

= 01 ; (Sequential roll addressing mode) — The CRT 
9007 will address video memory in a sequential 
fashion starting with the 14 bit address contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0. 
SEQUENTIAL BREAK REGISTER 1 and AUXIL- 
IARY ADDRESS REGISTER 1 can be used to cause 
one sequential break as described in the sequential 
addressing mode. A second break in the sequential 
addressing can be defined by SEQUENTIAL BREAK 
REGISTER 2 (R12) and AUXILIARY ADDRESS 
REGISTER 2 (R13 and R14) permitting up to 3 sep- 
arate sequentially addressed screens to be painted. 

= 10; (Contiguous row table mode) — The CRT 9007 
will address video memory according to the contig- 
uous row table format. The 14 address bits con- 
tained in REGISTER D bits 5-0 and REGISTER C 
bits 7-0 define an address that points to the begin- 
ning of the contiguous row table. 

= 11; (Linked list row table mode) — The CRT 9007 will 
address video memory according to the linked list 
row table format. The 14 address bits contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0 
define the address at which the second row table 
entry and the first data row reside. 


AUXILIARY ADDRESS REGISTER 1 (RE and RF) 

This 1 6 bit write only register contains a 1 4 bit address. The 
6 least significant bits of REGISTER F contain the upper 
order 6 bits of the 1 4 bit address and REGISTER E contains 
the 8 lower order bits of the 14 bit address. When the cur- 
rent data row equals the value programmed in SEQUEN- 
TIAL BREAK REGISTER 1 (RIO) the remainder of the screen 
is addressed sequentially starting at the 14 bit address 
specified in this register. This sequential break overrides 
any row driven addressing mode used prior to the sequen- 
tial break. 

The 2 most significant bits of REGISTER F allow one to 
attach double height and/or double width characteristics to 
every data row in this sequentially addressed area in the 
following way: 


For Double row buffer or attribute assemble mode REG- 
ISTER F Bits 7, 6 

= 00; single height single width 

= 01 ; single height double width 

= 10; even data rows are double height double width 
top half odd data rows are double height double 
width bottom half 

= 11; odd data rows are double height double width 
top half even data rows are double height dou- 
ble width bottom half 


For Single row buffer or repetitive memory addressing mode 
REGISTER F Bits 7,6 

= 00; single height single width 
= 01 ; single height double width 

= 10; odd data rows are double height double width 
top half even data rows are double height dou- 
ble width bottom half 

= 11; even data rows are double height double width 
top half 

odd data rows are double height double width 
bottom half 


SEQUENTIAL BREAK REGISTER 1 (RIO) 

This 8 bit write only register defines the data row number in 
which a new sequential video address begins as specified 
by AUXILIARY ADDRESS REGISTER 1 (RE and RF). To 
disable the use of this break, the register should be loaded 
with a data row count greater than the number of display- 
able data rows on the screen. 

DATA ROW START REGISTER (R11) 

This 8 bit write only register defines the first data row num- 
ber at which a page blank or smooth scroll operation will 
begin. Bit 6 of the CONTROL REGISTER determines if a 
page blank or smooth scroll operation will occur. 

DATA ROW END/SEQUENTIAL BREAK 
REGISTER 2 (R12) 

This 8 bit write only register has a dual function depending 
on the addressing mode used. For row driven addressing 
(contiguous or linked list as specified by the 2 most signifi- 
cant bits of the TABLE START REGISTER) this register 


defines the data row number which ends either a page blank 
or smooth scroll operation. The row numerically one less 
than the row defined by this register is the last data row on 
which the page blank or smooth scroll will occur. To use the 
page blank feature to blank a portion of the screen that 
includes the last displayed data row, this register must be 
programmed to zero. For sequential addressing, this reg- 
ister can cause a break in the sequential addressing at the 
data row number specified and a new sequential address- 
ing sequence begins at the address contained in AUXIL- 
IARY ADDRESS REGISTER 2. 

AUXILIARY ADDRESS REGISTER 2 (R13 and R14) 

This 1 6 bit write only register contains a 14 bit address. The 
6 least significant bits of REGISTER 14 contain the upper 
order 6 bits of the 14 bit address and REGISTER 13 con- 
tains the 8 lower order bits of the 14 bit address. In the row 
driven addressing mode, this register is automatically loaded 
by the CRT 9007 with the current table address. The two 
most significant bits of REGISTER 14 specify one of four 
combinations of row attributes (for example double height 
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double width) on a row by row basis. Refer to the section 
entitled Double Height/Double Width operation for the 
meaning of these 2 bits. In the sequential addressing mode, 
this register can be loaded by the processor with a 14 bit 
address and a 2 bit row attributes field. The bit positions are 
identical for the row driven addressing mode. When the 
current data row equals the value programmed in DATA ROW 
END/SEQUENTIAL BREAK REGISTER 2 (R12), the 
remainder of the screen is addressed sequentially starting 
at the location specified by the programmed 14 bit address. 
The 2 most significant bits of register 1 4 allow one to attach 
double height and or double width characteristics to every 
data row in this sequentially addressed area. The bit defi- 
nitions take on the same meaning as the 2 most significant 
bits of AUXILIARY ADDRESS REGISTER 1 and affect the 
display in an identical manner. 

START COMMAND (R1 5) 

After all vital screen parameters are loaded, a START com- 
mand can be initiated by addressing this dummy register 
location within the CRT 9007. A START command must be 
issued after the DMA mechanism is enabled (DMA CON- 
TROL REGISTER bit 7). 

RESET COMMAND (R16) 

The CRT 9007 can be reset via so ftwar e by addressing this 
dummy location. Activation of the RST input pin or initiating 
this software command will effect the CRT 9007 in an iden- 
tical manner. The reset state of the CRT 9007 is defined as 
follows: 

CRT 9007 outputs Reset state 


VA13-0 

High impedance 

VD7-0 

High impedance 

HS 

High 

VS 

High 

CBLANK 

High 

CUS 

Low 

VLT 

Low 

DRB 

High 

INT 

Low 

Pin 28 

Low 

Pin 29 

Low 

Pin 30 

Low 

Pin 31 

Low 

Pin 32 

Low 


SMOOTH SCROLL OFFSET REGISTER (R17) 

This register is loaded with the scan line offset number to 
allow a smooth scroll operation to occur. The offset register 
causes the scan line counter output of the CRT 9007 to start 
at the programmed value rather than zero for the data row 
that starts the smooth scroll interval. The start is specified 
in the DATA ROW START REGISTER (R1 1 ). Typically, this 
register is updated every frame and it ranges from zero (no 
offset) to a maximum of the programmed scan lines per data 
row (maximum offset). For example, if 12 scan lines per data 
row are programmed (scan line 0 to scan line 11) an offset 
of zero will cause an unscrolled display. An offset of one will 
cause a display starting at scan line 1 and ending at scan 
line 1 1 (eleven scan lines total). An offset of eleven will cause 
a display starting at scan line eleven. 

The next scan line will be zero, starting the subsequent data 
row. To allow smooth scroll of double height rows, the pro- 
grammed range of the register is from zero to twice the pro- 
grammed scan lines per data row. Whenever the onset 
register if greater than the programmed scan lines per data 
row, bit 7 of the register must be set to a logic 1 (offset over- 
flow). It must be set to a logic zero at all other times. The 6 
bit offset value occupies bits 6 through 1 . Bit 0 must always 
be programmed with a logic zero. By setting the offset over- 
flow (bit 7) to a logic 1 , it is possible to have the bottom half 
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of a double height data row stand alone in Single Row Buffer 
Mode by programming the scrolled data row as double height 
top half and loading R 1 7 with the proper value. 

VERTICAL CURSOR REGISTER (R18 or R38) 

This 8 bii read/write register specifies the data row in which 
the cursor appears. To write into this register it is addressed 
as R1 8 and to read from this register it is addressed as R38. 

HORIZONTAL CURSOR REGISTER (R19 or R39) 

This 8 bit read/write register specifies the character posi- 
tion in which the cursor appears. To write into this register 
it is addressed as R19 and to read from this register it is 
addressed as R39. 

It should be noted that the vertical and horizontal cursor is 
programmed in an X-Y format with respect to the screen 
and not dependant upon a particular location in video 
memory. The cursor will remain stationary during all scroll 
operations. 

INTERRUPT ENABLE REGISTER (R1A) 

This 3 bit write only register allows each of the three CRT 
9007 interrupt conditions to be individually enabled or dis- 
abled according to the following definition: 

Bit 6 (Vertical retrace interrupt) — This bit, when set to a logic 
one, will cause the CRT 9007 to activate the INT signal when 
a vertical retrace (i.e., the start of the vertical blanking interval) 
begins. 

Bit 5 (Light pen interrupt) — This bit, when set to a logic one, 
will cause the CRT 9007 to activate the INT signal when the 
LIGHT PEN REGISTER (R3B, R3C) captures an X-Y coor- 
dinate. This interrupt, which occurs at the beginning of vertical 
retrace, reflects the occurrence of a LPSTB input on the 
frame or field just painted. This interrupt need not be ena- 
bled when other CRT 9007 interrupt conditions are enabled 
since the STATUS REGISTER (R3A) will flag the occur- 
ance of a light pen update and servicing can be done off of 
other interrupts. 

Bit 0 (Frame timer)— This bit, when set to a logic one, allows 
the CRT 9007 to activate the INT signal once every frame 
or field at a time when a potential smooth scroll update may 
occur. In this way the user can use the frame timer interrupt 
as both a real time clock and can service smooth scroll 
updates and other frame oriented operations by using the 
appropriate status bits. This interrupt will occur after the last 
row table entry is read by the CRT 9007. In single row buffer 
operation, this will occur one data row before the start of 
vertical retrace. In double row buffer operation, this will occur 
two data rows before the start of vertical retrace. 

STATUS REGISTER (R3A) 

This 5 bit register flags the various conditions that can 
potentially cause an interrupt regardless of whether the 
corresponding condition is enabled for interrupt. In this way 
some or all of the conditions can be reported to the proces- 
sor via the STATUS REGISTER. If some of the conditions 
are enabled for interrupt, the processor, in response to an 
interrupt, simply has to read the STATUS REGISTER to 
determine the cause of the interrupt. The bit definition of the 
STATUS REGISTER is as follows: 

Bit 7 (Interrupt Pending) — This bit will set when any other 
status bit, having its corresponding interrupt enabled, 

• experiences a.O to 1 transition. In this manner, when the 
processor services a potential CRT 9007 interrupt, it only 
has to test the interrupt pending bit to determine if the CRT 
9007 caused the interrupt. If it did, the individual bits can 
then be tested to determine the details of the CRT 9007 
interrupt. Any noninterruptable status change (corre- 
sponding interrupt enable bit reset to a logic 0) will not be 
reflectedin the interrupt pending bit and must be polled by 



the processor in order to provide service. The interrupt 
pending bit is reset when the status register is read. All other 
bits except Light Pen Update are reset to a logic 0 at the 
end of the vertical retrace interval. The light pen update bit 
is reset to a logic 0 when the HORIZONTAL LIGHT PEN 
REGISTER is read. 

Bit 6 (Vertical Retrace) — A logic 1 indicates that a vertical 
retrace interval has begun. 

Bit 5 (Light Pen Update)— A logic 1 indicates that a new 
coordinate has been strobed into the LIGHT PEN REGIS- 
TER. It is reset to a logic zero when the HORIZONTAL LIGHT 
PEN REGISTER is read. The light pen coordinates may have 
to be modified via software depending on light pen char- 
acteristics. 

Bit 2 (odd/even) — For a normal video interlaced display, this 
bit is a logic 1 when the field about be painted is an odd field 
and is a logic zero when the field about be painted is an 
even field. 


Bit 0 (Frame timer occurred) — This bit becomes a logic 1 
either one or two data rows before the start of vertical retrace. 
Since this bit is set when the CRT has finished reading the 
row table for the frame or field just painted, it permits row 
table manipulation to start at the earliest possible time. 

VERTICAL LIGHT PEN REGISTER (R3B) 

This 8 bit read only register contains the vertical coordinate 
captured at the time the CRT 9007 received a light pen strobe 
signal (LPSTB). 

HORIZONTAL LIGHT PEN REGISTER (R3C) 

This 8 bit read only register contains the horizontal coordi- 
nate captured at the time the CRT 9007 received a light pen 
strobe signal. When a coordinate is captured, the appro- 
priate status bit is set and further transitions on LPSTB are 
ignored until this register is read. The reading of this reg- 
ister will reset the light pen status bit in the STATUS REG- 
ISTER. The captured coordinate may have to be modified 
in software to allow for light pen response. 


PROG. 
HSYNC 
WIDTH -] 


PROG 
HSYNC 
WIDTH -2' 


TOTAL CHAR 
PER HOR. 
PERIOD j 

,2 -J 


FIELD 

ONE 

INTERLACED 


3 SCAN LINES BEFORE VS - 


-PROG. VSYNC WIDTH - 


- 3 SCAN LINES AFTER VS - 


FIELD 

TWO 

INTERLACED 


NON- 

INTERLACED 


FIGURE 3: TYPICAL SYNC WAVEFORMS FOR INTERLACED AND NON-INTERLACED MODES 
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▼— 

-J 

3 

3 

3 
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CO 
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FIGURE 5: SERIAL SCAN LINE TIMING: INTERLACE, 
DOUBLE HEIGHT OR DOUBLE WIDTH 
CHARACTERS 


FIGURE 4: SERIAL SCAN LINE TIMING: NON INTERLACE 
OR SINGLE WIDTH CHARACTERS 
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MAXIMUM GUARANTEED RATINGS' 


Operating Temperature Range 

Storage Temperature Range * . . . 

Lead Temperature (soldering, 10 sec.) 

Positive Voltage on any Pin, with respect to ground . 
Negative Voltage on any Pin, with respect to ground 


... ..0°to +70°C 
-55°Cto + 150°C 

+ 325°C 

4- 15V 

........ -0.3V 


•Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of 
the device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings 
not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the 
AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


DC ELECTRICAL CHARACTERISTICS T A = 0°C to + 70°C, V^ = 5.0V ± 5% 


PARAMETER 

MIN 

f TYP 

MAX 

UNITS 

COMMENTS 


Input voltage 







V* 

Low 




0.8 

V 


V„, 

High 

2.0 




V 

all inputs except CCLK 

V« 

High 

4.3 




V 

CCLK input 


Output voltage 







Vo, 

Low 




0.4 

V 

lex. = 1.6 mA 

Voh 

High 

2.4 




V 

low = 40 p. A 

lu, 

l|J? 

Input leakage current 




10 

M-A 

p.A 

O^V^Vcc; excluding CCLK 





50 

0s Vcc; for CCLK 


Input capacitance 






all inputs except CCLK 

C(Ni 



10 


pF 

0^2 




25 


pF 

CCLK input 


Power supply current 







Icc 



100 


rnA 


AC ELECTRICAL CHARACTERISTICS 3 T A = 0°C to +70°C, V cc 

= 5.0V ±5% 



PARAMETER 

MIN 

! TYP 

MAX 

UNITS 

COMMENTS 


Clock 







tcY 

clock period 

250 




ns 


tcKL 

clock low 

23 




ns 


tcKH 

clock high 

203 i 




ns 


tcKR 

clock rise time 




10 

ns 

measured from 1 0% to 90% 
points 

tcKF 

clock fall time 




10 

ns 

measured from 90% to 10% 
points 


Output delay 1 







tot 





125 

ns 


t®2 





125 

ns 


tos 





150 

ns 


to4 





150 

ns 


tv. 





100 

ns 

measured to the 2.3V or 0.5V 
level on VA13-VA0 

toSL 





500 

ns 


tos 





185 

ns 


to® 





185 

ns 


toSY 





185 

ns 


tvDS 


50 




ns 

valid for loading auxiliary 
address register 2 or the 








attribute latch 

tvow 


0 




ns 


tvoo 





185 

ns 

Ct. = 50pF 

tsL6 





185 

ns 


tsLO 





185 

ns 



Processor Read/write 2 







Ls 


100 




ns 


tAH 


0 




ns 


tpw 


155 




ns 


tpos 


100 




ns 


Low 


0 




ns 


Loa 





140 

ns 


Wm 


10 



50 

ns 


tnn 





400 

ns 


tATS 

Miscellaneous timing 




125 

ns 

measured from the 0.4V level 
of ACK or TSC falling edge 

u 





4tcv 

ns 

measured from the 0.4V level 
falling edge to 0.4V level 
rising edge 


NOTE: 

1 . Timing measured from the 1 .5V level of the rising edge of CCLK to the 2.4V 
(high) or 0.4V (low) voltage level of the output unless otherwise noted. 

2. Reference points are 2.4V high and 0.4V low. 

3. Loading on all outputs is 30 pF except where noted. 
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FIGURE 22: CRT 9007 TIMING PARAMETERS: OUTPUT SIGNALS 
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FIGURE 2: CRT 9007 PROCESSOR READ AND WRITE 
TIMING PARAMETERS 



* Unk controtted directly from ACK or YSO or from th« ptrtkxiiar CCLk tturt ends a DMA 
burst cycto. 


FIGURE 23: CRT 9007 MISCELLANEOUS 
TIMING PARAMETERS 
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ADDRESS DECODE 





SfT DEFINITION 


REGISTER 

NUMBER 

(HEX) 

RegMsrTfpe 

VAS 

VA4 

VAS 

VA2 

VAt 

VAS 


©7 

D8 

©3 

D4 

09 

D2 D1 

oe 

WRITE 

0 

0 

0 

0 

0 

0 


MSB 

CHARACTERS PER ROR12<WaL PERIOD 

, LSB 

RO 

WRITE 

0 

0 

0 

0 

0 

1 


MSB 


r— l 1 1 i 

CHARACTERS PER DATA ROW 

LSB 

R1 

WRITE 

0 

0 

0 

0 

1 

0 


MSB 




— 1 r 

HORIZONTAL DELAY 

. LSB 

B2 

WRITE 

0 

0 

0 

0 

1 

1 


MSB 


HORIZONTAL SYNC WIDTH 1 

i__ . t « a 

LSB 

m 












| 

1 



WRITE 

0 

0 

0 

1 

0 

0 


MSB 


VfcHTlUAl 

1 

L5YPIU WlUTn 

LSB 

R4 













i 



WRITE 

0 

0 

0 

1 

0 

1 


MSB 


1 

VfcHI 

UALUfcL 



, LSB 

RS 

WRITE 

0 

0 

0 

1 

1 

0 


PIN CONFIG- 
URATION 

1 1 

CURSOR SKEW 

me m , lsb 

i r 

BLANK SKEW 

MSB LSB 

R0 

WRITE 

o 

0 

0 

1 

•1 

1 


MSB , 

— 

VIS® 



£ DATA 'rows P 

■ 

ER FRAME 

1 

i LS0 

R7 * 

- HU 

WRITE 

0 

0 

1 

0 

0 

0 


SCAN UNES/FRAME 
(BIO)), . (B8) 

MSB 

SCAN Unes per data Rtow 
1 . , lsb 

WRITE 

0 

0 

1 

0 

0 

1 


(B7) 


sc 

L j 

AN LINES PER FRAME 

I l 

T 

LSB (BO) 

R9 





Table 3a: CRT 9007 Screen Format Registers 





ADDRESS DECODE 





BTT DEFINITION 


REGISTER 

NUMBER 

(HEX) 

Register Type 

VA5 

VA4 

VA3 

VA2 

VA1 

VAi 

07 

D0 

DS 

D4 

D3 

D2 Dl 

D0 

WRITE 

0 

0 

1 

0 

1 

0 


DMA 

DIS- 

ABLE 

DMA 

MSBA 

r i 

BURST DELAY 
j LSB 

MSB 

1 

DMA BURST COi 

L 1 _ __l 

JNT 

LSB 

RA 

WRITE 

0 

0 

1 

0 

1 

1 


X 

PB/SB 

INTERLACE 

MODES 

1 1 

OPERATION MODES 

i t 

SXC/1XC 

RB 

WRITE 

0 

0 

1 

1 

0 

0 


MSB 


| 

TABLE START 

. j 

LEGIST!: 



R (LS BYTE) 

j 

LSB 

RC 

WRITE 

0 

0 

1 

1 

0 

1 


ADDRESS 

MODE 

i 1 1 r 

TABLE STRT REGISTER (MS BYTE) 

fc* 3 ®* , j , 

LSB 

RD 

WRITE 

0 

0 

1 

1 

1 

0 


1 

MSB 

AU 

XILIARy’aDORESS REGISTER 1 (LS BYTE)' 

i a i t 

LSB 

RE 

WRITE 

0 

0 

1 

1 

1 

1 


ROW 

ATTRIBUTES 

* 1 1 1 1 

AUXILIARY ADDRESS REGISTER 1 (MS BYTE) 

, . i iLSB 

RF 

WRITE 

0 

1 

0 

0 

0 

0 


1 



SEQUENTIAL BREAK REGISTER 1 
| || j 

LSB 

RIO 

WRITE 

0 

1 

0 

0 

0 

1 


— 

MSB 



DATA ROW START REGISTER 

i i l . 

LSB 

R11 

WRITE 

0 

1 

0 

0 

1 

0 


MSB 

i i i i i i 

DATA ROW ENEVSEQUENTIAL BREAK REGISTER 2 ^ 

R12 

WRITE 

0 

1 

0 

0 

1 

1 


MSB 

AU 

XILJARY ADDRESS REGISTER 2 (LS BYTE)' 

L 1 1 1 

LSB 

R13 

WRITE 

0 

1 

0 

1 

0 

0 


ROW 

ATTRIBUTES 

I 

— 1 1 J 1 

AUXILIARY ADDRESS REGISTER 2 (MS BYTE) 
^ L J 1 1 ^ 

R14 





Table 3b: Control and Memory Address Registers 





ADDRESS DECODE 





BIT DEFINITION 


REGISTER 

NUMBER 

(HEX) 

Register Type 

VAS 

VAA 

VAS 

VA2 

VA1 

VAS 

D7 

D8 

DS 

D4 

D3 

D2 Dl 

D# 

READ OR 
WRITE 

0 

1 

0 

1 

0 

1 


START COMMAND 

* R15 

READ OR 
WRITE 

0 

1 

0 

1 

1 

0 


RESET COMMAND 

R16 

WRITE 

0 

1 

0 

i 

1 

1 


OFFSET 

OVER- 

FLOW 

MSB 


T 1 

OFFSET VALUE 

i . i 

1 

, LSB 

• 

R17 

WRITE 

0 

1 

1 

0 

0 

0 



» i * 1 1 



READ 

1 

1 

1 

0 

0 

0 


MSB 






a i 

J 

. LSB 

RISorRIO 

WRITE 

0 

1 

t 

0 

0 

1 



r r "I i i 1 — 

MfwaiynwTAi n iKKtns EtPftisTFR inn i mnetn \ 


READ 

1 

1 

1 

0 

0 

1 


MSB 




l 

1 

LSB 

R10orR9O 

‘ i* 

WRITE 

0 

1 

1 

0 

1 

0 


X 

VER- 

TICAL 

RE- 

TRACE 

INT 

UGHT 

PEN 

i i r 

ERRUPT ENABLE REGISTER 

X . X , X ", X 

FRAME 

TIMER 

R1A 

READ 

1 

1 

1 

0 

1 

0 


INT 

PEND- 

ING 

VER- 

TICAL 

RE- 

TRACE 

UGHT 

PEN 

l 1 1 

STATUS REGISTER 

I 0007 I 

1 EVEN I X 

FRAME 

TIMER 

R3A 

READ 

1 

1 

1 

0 

1 

1 


MSB 

VER1 



1CALUC 

^ 1 » — 

iHT PEN REGISTER (ROW COORD.) ^ 

me 

READ 

1 

1 

1 

1 

0 

0 


MSB 

HORIZONTAL UGHT PEN REGISTER (CoL COOR 
J 1 i 1 i 

b > L88 

R9C 




Table 3 ©: Cursor, Light Pen, Offset, and Status Registers 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility it 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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Single Row Buffer 
SRB 


CRT 9006-135 
CRT 9006-83* 


/JPC FAMILY . 


FEATURES: 

□ Low Cost Solution to CRT Memory Contention Problem 

□ Provides Enhanced Processor Throughput for CRT 
Display Systems 

□ Provides 8 Bit Wide Variable Length Serial Memory 

□ Permits Active Video on All Scan Lines of Data Row 

□ Dynamically Variable Number of Characters per Data Row— 
...64,80, 132,... up to a Maximum of 135 

□ Cascadable for Data Rows Greater than 135 Characters 

□ Stackable for Invisible Attributes or Character 
Widths of Greater than 8 Bits 

□ Three-State Outputs 

□ 4MHz Typical Read/Write Data Rate 

□ Static Operation 

□ Compatible with SMC CRT 5037, CRT 9007, and other 
CRT Controllers 

□ 24 Pin Dual In Line Package 

□ +5 Volt Only Power Supply 

□ TTL Compatible Inputs and Outputs 

□ Available in 135 Byte Maximum Length (CRT 9006-135) 
or 83 Byte Maximum Length (CRT 9006-83) 


PIN CONFIGURATION 


DOUT3 C 

n— v- 

24 

ZD GND 

DOUT2 C 

2 

23 

ZD DOUT4 

DOUT1 C 

3 

22 

ZD DOUT5 

DOUT0 £ 

4 

21 

ZD DOUT6 

CLK £2 

5 

20 

21 DOUT7 

WREN C 

6 


19 

oe 

CLRCNT C 

7 


18 

ZD OF 

CKEN Cl 

8 

17 

ZD D,N7 

DIN0 C 

9 

16 

ZD DIN6 

DIN1 (Z 

10 

15 

ZD DIN5 

DIN2 Cl 

11 

14 

ZD DIN4 

DIN3 C 

12 

13 

ZD +5v 

Package: 24-pin D I P. 


APPLICATIONS: 

□ CRT Data Row Buffer 

□ Block-Oriented Buffer 

□ Printer Buffer 

□ Synchronous Communications Buffer 

□ Floppy Disk Sector Buffer 


GENERAL DESCRIPTION 


The SMC Single Row Buffer (SRB) provides a low cost solu- 
tion to memory contention between the system processor and 
CRT controller in video display systems. 

The SRB is a RAM-based buffer which is loaded with character 
data from system memory during the first scan line of each 
data row. While data is being written into the RAM it is also 
being output through the multiplexer onto the Data Ouput 


(DOUT) Lines. During subsequent sc an lines in the data row, 
the system will disable Write Enable (WREN) and cause data 
to be read out from the internal RAM for CRT screen refresh, 
thereby releasing the system memory for processor access 
for the remaining N-1 scan lines where N is the number of 
scan lines per data row. The SRB enhances processor through- 
put and permits a flicker-free display of data. 



•FOR FUTURE RELEASE 
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SECTION IV 
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CRT 9212 

(XPC FAMILY 


Double Row Buffer 
DRB 


PIN CONFIGURATION 

DIN2 1C 

V j 

ZD 28 DIN3 

DIN1 2 C 

{ 

ZD 27 WCLK 

DIN0 3 C 


ZD 26 OE 

DOUT7 4Q 


13 25 WEN2 

D° UT 6 5Q 


□ 24 WEN1 

DOUT5 6Q 




33 23 GND 

DOUT4 7Q 




ZD 22 ROF 

Vgg 8 q 




Z3 21 WOF 

DOUT3 9q 




Z] 20 REN 

DOUT2 10 Q 


Z3 19 ClRCNT 

DOUT1 11 c 


Zl 18 75° 

DOUTO 12 C 


ZD 17 RCLK 

DIN7 13 C 


Z3 16 DIN4 

DIN6 14 C 


ZD 15 DIN5 

PACKAGE 28-pin D.I.P. 


FEATURES 

□ Low Cost Solution to CRT Memory 
Contention Problem 

□ Provides Enhanced Processor Throughput for 
CRT Display Systems 

□ Replaces Shift Registers or Several RAM and 
Counter IC’s in CRT Display System 

□ Permits Display of One Data Row While Next 
Data Row is Being Loaded 

□ Data May be Written into Buffer at Less Than 
the Video Painting Rate 

□ Double Data Row Buffer Permits Second Data 
Row to be Loaded Anytime during the Display 
of the Preceding Data Row 

□ Permits Active Video on All Scan Lines of 
Data Row 

□ Dynamically Variable Number of Characters 
per Data Row — ...64, 80, 132, ...up to 

a Maximum of 135 

□ Cascadable for Data Rows Greater than 
135 Characters 

□ Stackable for “Invisible Attributes” 

or Character Widths of Greater than 8 Bits 


□ Three-State Outputs 

□ Up to 4 MHz Read/Write Data Rate 

□ Compatible with SMC CRT 5037, CRT 9007. 
and other CRT Controllers 

□ 28 Pin Dual-In-Line Package 

□ +5 Volt Only Power Supply 

□ TTL Compatible 


GENERAL DESCRIPTION 


The CRT 9212 Double Row Buffer (DRB) provides 
a low cost solution to memory contention between the 
system processor and the CRT controller in video dis- 
play systems. 

The CRT 9212 DRB is a RAM-based bufferwhich 
provides two rows of buffering. It appears to the sys- 
tem as two octal shift registers of dynamically vari- 
able length (2-135 bytes) plus steering logic. 

The CRT 9212 permits the loading of one data row 


while the previous data row is being displayed. The 
loading of data may take place during any of the scan 
line times of the data row. This relaxed time-con- 
straint allows the processor to perform additional 
processing on the data or service other high priority 
interrupt conditions (such as a Floppy Disk DMA 
request) which may occur during a single video scan 
line. The result is enhanced processor throughput and 
flicker-free display of data. 




MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range •' • • •• 0 C to + 70°C 

Storage Temperature Range - 55°C to + 1 SO'C 

Lead Temperature (soldering, 10 sec.) +325 C . 

Positive Voltage on any Pin, with respect to ground + 8.0V 

Negative Voltage on any Pin, with respect to ground - 0.3V 


•Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (T A = 0°C to 70°C, V CG = + 5V ± 5%) 



PARAMETER 

MIN 

TYP 

MAX 

UNITS 

COMMENTS^~**"^~^— 

DC CHARACTERISTICS 






INPUT VOLTAGE LEVELS 






Low Level V*. 



0.8 

V 


High Level V„, 

2.0 



V 

excluding RCLK; WCLK 

High Level V»« 

4.2 



V 

RCLK, WCLK 

OUTPUT VOLTAGE LEVELS 






Low Level 



0.4 

V 


High Level Vqm 

2.4 



V 


INPUT LEAKAGE CURRENT 






High Leakage l LH , 



10 

klA 

excluding CE 

Low Leakage lu., 



10 

H-A 

excluding WEN1 

High Leakage l LK2 



400 

|iA 

WEN1 

Low Leakage l LL2 



400 

n-A 

OE 

INPUT CAPACITANCE 






C| N1 


10 


pF 

excluding RCLK, WCLK 

C|N2 


15 


PF 

RCLK, WCLK 

POWER SUPPLY CURRENT 






Icc 


100 


mA 



AC CHARACTERISTICS’ 


tcYW 

250 



ns 

Write clock period 

tcvM 

250 



ns 

Read clock period 

^CKH 

200 


DC 

ns 


tcKL 

30 



ns 


tcKR 



10 

ns 

measured from 10% to 90% points 

tcKF 



10 

ns 

measured from 90% to 10% points 

tos 

50 



ns 

referenced to RCLK 

Wi 

0 



ns 

referenced to RCLK 

IeNI 8 

0 



ns 



100 



ns 


tewH 2 

0 



ns 


tew 



175 

ns 

C L = 50 pF; referenced from WCLK 

t©OFF 



175 

ns 


toow 



175 

ns 


W3 



175 

ns 

C L = 30 pF 

tea 

100 



ns 


tcH 

0 



ns 


twf* 


ttcvw 





1 - Reference points for all AC param eters are 2.4V high and 0.4V low. 

2 - For REN, referenced from RCLK; for WEN1 or WEN2 refer enced t o WCLK. 

3 - For ROF, referenced from RCLK; for WOF referenced from WCLK. 

4 - At least 1 WCLK rising edge must occur between CLRCNT or TOG (whichever occurs last) and WEN ( = WEN1 -WEN2). 



Ri 


CLRCNT 


INTERNAL 77777 
RAM ADDR v//// 
(WRITE) LUiU 

WEN 

{= WEN 1 -WEN 2 ) 

INTERNAL 

WEN 


ADDRO I ADDR 1 I ADDR 2 


[DATA Of DATA 1 


DATA 2 Y DATA 3 


INTERNAL 
WRITE DATA 


' in general WCLK and RCLK can be different 



FIGURE 4: CRT 9212 CASCADED CONFIGURATION 
FOR DATA ROW LENGTHS UP TO 270 CHARACTERS 







FIGURE 5: CRT 9212 CONFIGURED WITH THE CRT 9007 VPAC AND THE CRT 8002 VDAC™ 



RCLK OR WCLK 


DIN7-0 


REN, WEN 1,2 


DOUT7-0 


OE 

WOF, ROF 


CLRCNT OR TOG 

WEN 1,2 



FIGURE 6: CRT 9212 I/O TIMING 




©4/B2-SM 








DESCRIPTION OF PIN FUNCTIONS 


PIN NO. 

NAME 

SYMBOL 



Data inputs 


DIN0-DIN7 are the data inputs from the system memory. 

12-9, 7-4 

Data outputs 

DOUTO- 

DOUT7 

DOUTO-DOUT7 are the data outputs from the CRT 9212 internal data output 
latch. Valid information will appear on DOUTO-DOUT7 two RCLK periods after 
the rising edge of REN. This introduces two pipeline delays when supplying data 
to the character generator. 

17 

Read Clo5k 

RCLK 

RCLK increments the current “read” address register, clocks data through the 
“read” buffer and moves data through the internal pipeline at the trailing edge. 

18 

Toggle Signal 

TOG 

TOG alternates the function of each buffer between read and write. TOG nor- 
mally occurs at everv data row boundary. Switching of the buffers occurs when 
both TOG and CLRCNT are low. 

m 

wm 

CLRCNT 

Clear Counter clears the current “read” address counter at the next RCLK posi- 
tive edge. CLRCNT is normallv asserted low at the beginning of each horizontal 
retrace interval. CLRCNT clears the current “write” address counter when the 

TOG is active. 

20 

Read Enable 

REN 

REN enables the loading of data from the selected "read” buffer into the output 
latch. Data is loaded when Read Clock is active. 

21 

Write Overflow 

WOF 

WOF high indicates that data is being written into the last memory position (posi- 
tion 135). When WOF is high, further writing into the selected “write” buffer is dis- 
abled. WOF may be connected to the WEN1 or WEN2 inputs of a second CRT 

921 2 for cascaded operation where data row lengths of greater than 1 35 charac- 
ters are desired. See figure 4. 

22 

Read Overflow 

ROF 

The Read Overflow output is high when data is being read from the last memory 
position (position 135). ROF high disables further reading from the selected 
“read” buffer. ROF may be connected to the REN input of a second CRT 9212 for 
cascaded operation where data row lengths of greater than 135 characters are 
desired. POUTQ-7 will switch into a high impedance state at the second positive 
transition of RCLK after ROF goes high. See figure 4. 

24, 25 

Write Enable 

WEN1, 
WEN 2 

WEN allows input data to be written into the selected “write” buffer during WCLK 
active. Both WEN1 and WEN 2 must be high to enable writing. WEN1 has an 
internal pullup resistor allowing it to assume a high if pin 24 is left open. 

26 


GE 

When the DE input is low the data outputs DOUTO-DOUT7 are enabled. When 

GE is high, DOUTO-DOUT7 present a high impedance state. GE has an internal 
pulldown resistor allowing it to assume a low if pin 26 is left open. 

27 



WCLK clocks input data into the selected "write” buffer and increments the cur- 
rent “write” address register when WEN1 and WEN2 are high. 

8 


Vcc 

+ 5 Volt supply 

23 

Ground 

GND 

Ground 


OPERATION 


Figure 1 illustrates the internal architecture of the CRT 
9212. It contains 135 bytes of RAM in each of its two buff- 
ers. In normal operation, data is written into the inp ut latch 
on the positive-going edge of Write Clock (WCLK). When 
both W rite Enable (WEN1 , WEN 2) signals go high, the next 
WCLK causes data from the input latch to be written into 
the selected buffer (1 or 2) and the associated address 
counter to be incremented by one. Loading of the selected 
RAM buffer continues until WEN goes inactive or until the 
buff er has been fu ll y load ed. At the next data row boundary, 
t he Toggle Signal (TOG) will go low. Wh e n Clea r Counter 
(CLRCNT) goes low, the next Read Clock (RCLK) will begin 
to reset both buffer address counters to zero, switching the 
buffer just loaded from a “write buffer” to a "read buffer", 
permitting the next row of data to be written into the other 
buffer. Data from the current “read” buffer is read out of the 
buffer and to the outpu t latch whenev er Read Enable (REN) 
is high during a Read Clock (RCLK). Each read-out from 


the buffer RAM causes the “read" address counter to be 
incremented. REN is normally high during the entire visible 
line time of each scan line of the data row. CLRCNT resets 
the prese nt “read” address counter. The negative edge of 
CLRCNT is detected by the CRT 921 2 and the inter nal “read" 
address counter is cleared independent of the CLRCNT 
pulse width. The CLRCNT input may be tied to the REN 
input for proper operation. 

Figures 2 and 3 illustrate the functional timing for reading 
and writing the CRT 9212. It is possible to cascade two or 
more CRT 92 1 2's to al low for data storage greater than 1 35 
bytes by employing the read overflow (ROF) and write 
overflow (WOF) outputs. Figure 4 illustrates two CRT 921 2 s 
cascaded together. 

The CRT 9212 is compatible with the CRT 9007 video 
processor and controller (VPAC'“) and the CRT 8002 video 
display attributes controller (VDAC™). A typical video 
configuration employing the three parts is illustrated in 
figure 5. 
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H— — -C DATA 0 Y DATA 1 Y DATA 2 Y XOATA 132 IDATA T33I DATA 134)— 


FIGURE 2: CRT 9212 DOUBLE ROW BUFFER READ TIMING 













